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No. 2 LIST BAKERS DOZEN PACKS 


All packs are £1 each, if you order 12 then you are 
—* entitled to another free. Please state which one you 
want. Note the figure on the extreme left of the pack 
ref number and the next figure is the quantity of items 
in the pack, finally a short description. 


Surface mounting 5amp switches. Intended for 
mains but equally suitable for battery circuits. 
White flush switches. Will replace any standard 
size switch. 

30 volt 80 watt brass cased elements. Ideal for 
frost protection, pet warmers. 
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BD14. 4. Photo transistor Mullard reference OCP70. 
BDis 4 Reeltoreel tape heads. 2 record, 2 erase. 
BD17 lpr Ultrasonic trandsducers. 1 to transmit the other 


to receive. 


BD20 4 Different mains micro switches, each average 
1,000,000 operations. 

BD23 1set Loud speaker cross-overs up to 40 watt for 
woofer, mid-range and tweeter. 

BD26 2 Counters, belt driven as in tape decks. 

BD36 2 Airspacedtuning condensers. ' sin spindle with 
trimmers. 

BD37 ~=.2._:«~CDitto, but solid di-electic, 

BD41 Standard size rocker switches. 13 amp at 230 
volts. 

BD46 1 Time-on switch. Stays on up to 6 hours, 
depending on control setting. 

BD48 2 Reed relays. 4-8 volt coil operated. 

BD51 1° 12voltrelay. Miniature enclosed with 2 change: 
over contacts. 7000hm coil. 

BD57. 5 Miniature switches for battery circuits, dolls 
houses, etc. 

BD60 4 Ferrite rods. 4in long, ' sin diameter. Suitable 
for aerials, inverter transformers, etc. 

BD64 10 Assortedcontrol knobs, | sin spindles, push-on 
and grub screw type. 

BD65 4 Different thermostatic switches. Control mains 
or battery devices. 

BD69 2 25 watt 8ohm variable resistors (pots). 

BD71 4 Wire wound pots with built-in knob. One each 
180hm, 350hm, 500hm and 1000hm. 

BD78 5 Samp stud rectifiers, 50 volt. 

BD82  4prs Porcelain fuse carriers and fuse holders (make 
your own fuse board). 

BD84 10 .1mfd250 volt mains supressor condenser (cut 
out the clicks). 

BD85 1 Mains shaded-pole motor with Vain shaft. 

BD86 2 Sin aluminium fan blades. Will fit Vain shaft. 

BD93 4 11> in bases for relays, etc. 

BD94 =655s «B7G valve bases. 

BD95 4 B9Avalve bases with metal skirt. 

BD98 1 Motor driven stud switch. Ex-fruit machines. 

BD101 1  Delayed-on switch. Can be set at any time upto 
2 hours. 115 volt so supplied with dropper. 

BD104 1 Cased mains unit. 4.5 volt regulated output. 

BD106 2 12volt alarms. Round, approximately 2in 
diameter. Sounds like a car horn. 

BD109 10 Assorted Vain spindle volume controls. 

BD110 10 Slider type volume controls. 

BD114. 1 2watt amplifier made by Mullard, their 
reference 1172. 

BD115. 1 Wall mounting thermostat, 24 volt. 

BD126 4 Batten holders, MES, will take torch bulbs, etc. 

BD133 1 Case for micro-radio in zipped pouch. 

BD135 15 Large and 15 small screwit connectors for high 
speed hook-ups. 

BD137. 1. ~612in. 10 watts PM speaker, 4 ohm, fits our 
cabinet BD11. 

BD138. 1 Yin.x3in. 8 ohm 5 watts per speaker. 


CAMERAS. Three cameras, all by famous makers, Kodak, etc. One 
disc, oné35mm and one instamatic. All in first class condition, believed 
to be in perfect working order, but sold as untested. You can have the 
three for £10 including VAT, which must be a bargain—if only for the 
lenses, flash gear, etc. Our ref 10P58. 


VERY POWERFUL 12 VOLT MOTORS— ard HORSEPOWER. 
Made to drive the Sinclair C5 electric car but adaptable to 
power a go-kart, a mower, a rail car, model railway, etc. 
Brand new. Price £15.00 plus £2.00 postage. Our ref 15P8. 


WHITE CEILING SWITCH 5 amp 2 way surface mounting with cord and 
tassle. Made by the famous Crabtree Company. Price £1 each. Our ref 
BD528. 

13A SWITCH SOCKETS Top quality made by Crabtree, fitted in metal 
box with cutouts so ideal for garage, workshop, cellar, etc. Price £2 
each. Our ref 2P37. 


MAINS TRANSFORMER Upright mounting Normal mains input, 
gives 28V at 3.5A so should be ideal for big amplifier, etc. Price only 
£4. Our ref 4P24, please add £1 postage. 


POWERFUL IONISER 


Generates approx. 10 times more IONS than the ETI and similar 
circuits. Will refresh your home, office, workroom etc. Makes you 
feel better and work harder—a complete mains operated kit, case 
included. £12.50+£2 P&P. Our ref 12P5/1. 
















ORGAN MASTER Js a three 


are mye SR. octave musical keyboard. It is beauti- 
fs : : ves. X fully made, has full size (piano size) 
a keys, has gold plated contacts and is 


complete with ribbon cable and edge 

connector. Can be used with many 
computers. We can supply information sheet. Brand new, only £15 plus 
£3 postage. Our ref 15P15. 


ULTRA SONIC INTRUDER ALARM small, nicely cased, will 
detect movement in a room up to 10m\ 10m. Ingenious construction 
makes it independent of the mains; cannot be switched off, even with 
its on off switch, until you know the secret; has delayed action enabling 
you to switch it on and leave the room; it has an inbuilt piezo sounder 
which is very penetrating and high pitched and would frighten away 
most intruders. Has internal switching and could be coupled to an out- 
door alarm if required. It is the basis of a very efficient burglar alarm, or 
has other uses. For instance: you could disconnect the internal soun- 


der and using the internal switches you would know when somebody” 


arrives without that person being aware that you know. Similarly, the 
unit could be used to operate other equipment ultra-sonically. It is 
brand new, guaranteed OK, complete but less battery (PP3 alkaline 
type). Price is £20 plus £3 insured delivery. Our ref 20P11. 


110 DECIBEL HORN For use with the ultra sonic intruder detec- 
tor. Ideal for external positioning to attract the attention of neighbours 
should you have an intruder. This unit has its own mounting bracket 
and comes complete with good length of lead. Price £7. Our ref 7P9. 
incidentally, this could also be used as a loud speaker. 


3%in FLOPPY DISC DRIVE—DOUBLE SIDED, DOU- 
BLE DENSITY, 80 TRACK Shugart compatible, has 34 way IDC 


connector and will interface with almost any computer. Made by the 
famous Japanese NEC Company. Price £59.50 plus £3 insured post. 
post. 


ATARI 65XE COMPUTER At 64K 
this is most powerful and suit- 
able for home and business. 
Complete with PSU, TV lead, 
owner's manual and six games. 
Can be yours for only £45 plus £3 
insured delivery. 


65XE COMPENDIUM contains: 65XE Computer, its data recor- 


der XC12 and its joystick, with ten games for £62.50 plus £4 insured 
delivery. 


TIME AND TEMPERATURE LCD MODULE This is a 12 


hour clock, a Celcius thermometer, a Fahrenheit thermometer, a too 
hot alarm and finally a too cold alarm. Nice size, approx 50mm x20mm, 
with 12.7mm digits which clearly display the time or temperature. 
Requires only a 1.5V battery and a few switches. Comes complete with 
circuit diagram and explanation. Price £6. Our ref 6P 12. 


1/8th HORSEPOWER 12 VOLT MOTOR. Made by Smiths, 


the body length of this is approximately 3in, the diameter 3in and the 
spindle 5 16th of an inch diameter. It has a centre flange for fixing or can 
be fixed from the ends by means of 2 nuts. A very powerful little motor 
which revs at 3,000 rpm. We have a large quantity of them so if you 
have any projects in mind then you could rely on supplies for at least 
two years. price £6. Our ref 6P1, discount for quantities of 10 or more. 


PHILIPS LASER 
This is helium-neon and has a power rating of 1.6mW. Com- 
pletely safe so long as you do not look directly into the beat when 
eye damage could result. Brand new, full spec, £30 plus £3 
insured delivery. Mains operated power supply for this tube 
gives 8kv striking and 1.25kv at 5mA running. Complete kit with 
case £15. Battery operated P.S.U. now available at £15. 


HAND-HELD VIDEO LAMP. Mains operated and will enable you to take 
professional standard videos. Made by the famous Ferguson Com- 
pany, this uses a 1000w halogen lamp in a fan cooled, hand-held and 
hand-switched metal housing. Comes complete with optional barn- 
door assembly and camera bar. Obviously intended to retail at over 
£60, we offer these at £30 each plus £3 insured delivery. Our ref 30P3. 


HIGH RESOLUTION MONITOR. gin black and white, used 
Philips tube M24/306W. Made up in a lacquered frame and has open 
sides. Made for use with OPD computer but suitable for most others. 
Brand new. £16 plus £5 post. Our ref 16P1. 


12 VOLT BRUSHLESS FAN. Japanese made. The popuiar 
square shape (41/2inx41/2inx 134in). The electronically run fans not 
only consume very little current but also they do not cause interference 
as the brush type motors do. Ideal for cooling computers, etc., or fora 
caravan. £8 each. Our ref 8P26. 


ACORN COMPUTER DATA RECORDER (ref ALFO3) this is 
3 mono data recorder with switchable motor control intended for use 
with the Acorn Electron or BBC computer but also functions with 
almost any other computer and can be used for normal record and play 
back of music and speech. Can be battery operated butis supplied with 
a mains adaptor. Brand new in manufacturer's wrapping. Price £10. 
Our ref 10P44. 

MUSIC FROM YOUR SPECTRUM 128 We offer the Organ Master three 
octave keyboard, complete with leads and the interface which plugs 
into your 128. You can then compose, play, record, store, etc., your 
ui music. Price £19 plus £3 special packing and postage. Order ref. 























FDD BARGAIN 
312in made by Chinon of Japan. Single sided, 80 track, Shugart 
compatible interface, interchangeable with most other 3¥/2in and 
51/4in drives. Completely cased with 4 pin power lead and 34 pin 
computer lead £40. Our ref 40P1. 


OUR ALADDIN’S CAVE. You may be a new reader and now 
know that we have a shop at 12 Boundary Road, Hove, where you can 
go and have a browse around at our assortment of ‘goodies’. Unfortu- 
nately, because of staff shortages, we cannot be open on Saturdays 
yet, so the hours are 9.30am to 5pm, Monday to Friday. We of course 
still serve callers at 250 but request that you bring a completed order 
form as 250 is really the mail order depot. 






J & N BULL ELECTRICAL 
Dept. E.E., 250 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 50T 


MAIL ORDER TERMS: Cash, PO or cheque with order. Orders under 
£20 add £1.50 service charge. Monthly account orders accepted from 
schools and public companies. Access and B/card orders accepted. 
—~minimum £5. Phone (0273) 734648 or 203500. 









POPULAR ITEMS 

Some of the many items described in our current list 

which you will receive if you request it 
EHT TRANSFORMER 4kv 2mA Ex-unused equipment. £5. Our ref 
5P139. 
FOIL CAPACITORS Axial ended .33uf 1,000v. 4 for £1. our ref BD672. 
Many other sizes in stock, send for May newsletter. 
4 CORE TINSEL COPPER LEAD As fitted to telephones, terminating 
with flat BT plug. 2 for £1. Our ref BD639. 
EHT TRANSFORMER 8kv 3mA. £10. Our ref 10P56. 
DOUBLE MICRODRIVES. We are pleased to advise you that the Double 
Microdrives which we were offering at about this time last year as 
being suitable for the ‘QL’, ‘OPD’ and several other computers are 
again available, same price as before namely £5. Our ref 5P113. 


SOFTWARE FOR REMAKING. Just arrived. Large quantity of mainly 
games. All are on normal tape spool in cassette holders and should be 
suitable for wiping out and re-making into games or programmes of 
your own design. We offer 5 different for £2 or 100 assorted for £20. 
Important note: We cannot say which titles you will get nor accept 
orders for specified titles or ‘so many, all different’, etc., so only order if 
you can take them as they come. Order ref 5 for £2 is 2P224, 100 
assorted is 20P10. 

VERY USEFUL MAGNETS. Flat, about tin long, in wide and Vin 
thick. These are polarised on their faces which makes them ideal to 
operate reed switches in doors and windows or to hold papers or 
labels, etc., to metal cabinets, or even to keep cupboard doors firmly 
closed. Very powerful. 6 for £1. Our ref BD274(a). 

ACORN COMPUTER DATA RECORDER REF ALFO3 Made for the Elec- 
tron or BBC computers but suitable for most others. Complete with 
mains adaptor, leads and handbook. £10.00. Ref 10P44. 

FREE POWER! Can be yours if you use our solar cells—sturdily made 
modules with new system bubble magnifiers to concentrate the light 
and so eliminate the need for actual sunshine—they work just as well 
in bright light. Voltage input is .45—you join in series to get desired 
voltage —and in parallel for more amps. Module A gives 100mA, Price 
£1, Our ref. BD631. Module C gives 400mA, Price £2, Our ref. 2P199. 
Module D gives 700mA. Price £6. Our ref. 6P3 


SOLAR POWERED NI-CAD CHARGER 4 Ni-Cad batteries AA (HP7) 
charged in eight hours or two in only 4 hours. It is a complete, boxed 
ready to use unit. Price £6. Our ref. 6P3. 

METAL PROJECT BOX Ideal size for battery charger, power supply, 
etc.; sprayed grey, size 8in x 4/ain x 4in high, ends are louvred for ven- 
tilation other sides are flat and undrilled. Price £2. Order ref. 2P191. 
4-CORE FLEX CABLE. Cores separately insulated and grey PVC covered 
overall. Each copper core size 7/0.2mm. Ideal for long telephone runs 
or similar applications even at mains voltage. 20 metres £2. Our 
ref.2P196 or 100 metres coil £8. Order ref. 8P19. 

6-CORE FLEX CABLE. Description same as the 4-core above. Price 15 
metres for £2. Our ref. 2P197 or 100 metres £9. Our ref. 9P1. 

13A PLUGS Pins sleeved for extra safety, parcel of 5 for £2. Order ref. 
2P185. 

13A ADAPTERS Takes 2 13A plugs, packet of 3 for £2. Order ref. 2P187. 
20V-0-20V Mains transformers 22 amp (100 watt) loading, tapped 
primary. 200-245 upright mountings £4. Order ref. 4P24. 

BURGLAR ALARM BELL-—6” gong OK for outside use if protected from 
rain. 12V battery operated. Price £8. Ref. 8P2. 

VERY RELIABLE CAPACITOR 4.7 400v not electrolytic so not 
polarised, potted in ali can, size 194x%4x1V2in high. A top grade 
capacitor made for high class instrument work. Ideal for PCB mount- 
ing. 2 for £1. Our ref BD667. 

CAPACITOR BARGAIN— axial ended, 4700uF at 25V. Jap made, nor- 
mally 50p each, you get 4 for £1. Our ref. 613. 

SINGLE SCREENED FLEX 7.02 copper conductors, pvc insulated then 
with copper screen, finally outer insulation. In fact quite normal 
screened flex. 10m for £1. Our ref BD668. 

M.E.S. BULB HOLDERS Circular base batten type fitting. 4 for £1. Our 
ref BD127a. 

SPRING LOADED TEST PRODS—Heavy duty, made by the famous 
Bulgin company. very good quality. Price 4 for £1. Ref. BD597. 


3-CORE FLEX BARGAIN No. 1—Core size 5mm so ideal for long exten- 
sion leads carrying up to 5 amps or short leads up to 10 amps. 15mm 
for £2. ref. 2P 189. 


3-CORE FLEX BARGAIN No. 2—Core size 1.25mm so suitable for long 
extension leads carrying up to 13 amps, or short leads up to 25A. 10m 
for £2. Ref. 2P190. 


ALPHA-NUMERIC KEYBOARD -— This keyboard has 73 keys giving trou- 
ble free life and no contact bounce. The keys are arranged in two 
groups, the main area is a QWERTY array and on the right is a 15 key 
number pad, board size is approx. 13” x 4”—brand new but offered at 
only a fraction of its cost, namely £3, plus £1 post. Ref. 3P27. 


WIRE BARGAIN—500 metres 0.7mm solid copper tinned and p.v.c. 
covered. Only £3 plus £1 post. Ref. 3P31—that’s well under 1p per 
metre, and this wire is ideal for push on connections. 


1/8th HORSEPOWER 12 VOLT MOTOR Made by Smiths, the body 
length of this is approximately 3in, the diameter 3in and the spindle 5/ 
16th of an inch diameter. It has a centre flange for fixing or can be fixed 
from the end by means of 2 nuts. A very powerful little motor which 
revs at 3,000rpm. We have a large quantity of them so if you have any 
projects in mind then you could rely on supplies for at least two years. 
Price £6. Our ref 6P1, discount for quantities of 10 or more. 


3 VOLT MOTOR Very low current so should be very suitable for 
working with solar cells. £1 each. Our ref BD681. 

MINI SPEAKERS to use instead of headphones with your personal 
stereo—simply plug in to earphone socket. Excellent sound quality, 
only £4 per pair. Our ref 4P34. 

SEALED LEAD ACID BATTERIES Japanese made re-chargeable and 
maintenance-free. Leak-proof construction, so could be used in any 
position. Long life expectancy—usually four to five years. 12V 2.6Ah, 
£10 each. Our ref 10P59. 6V 1Ah, £5 each. Our ref 5P135. 

INNER EAR STEREO HEADPHONES Ideal for lady listeners as they will 


‘not mess up your hair do! Come complete in a neat carrying case. Price 


£3. Our ref 3P56. 

STEREO HEADPHONE AMPLIFIER Very sensitive. A magnetic cartridge 
or tape head will drive it. Has volume control and socket for stereo 
headphones. 3V battery operated. £1 each. Our ref BD680. 

FET CAPACITOR MICROPHONE EAGLE C1.200 Output equivalent to a 
high class dynamic microphone while retaining the characteristics of a 
capacitor microphone. Price £1. Our ref BD646. 

SUB-MIN TOGGLE SWITCH Body size 8mmx4mmx7mm SBDT with 
chrome dolly fixing nuts. 4 for £1. Our ref BD649. 

SUB-MIN PUSH SWITCH DPDT. Single hole fixing by hexagonal nut. 3 
for £1. Our ref BD650. 


DISPLAY 16 CHARACTER 2 LINE As used in telephone answering and 
similar machines. Screen size 85mm x36mmx9.3mm. Alpha-numeric, 
dot matrix module with integral CMOS micro processor. LCD display. 
a by the EPSON Company, reference 16027AR. Price £10. Our ref 
10P50. 
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BAT DETECTOR by Robert Penfold 362 
Have you got bats in your belfry? 
CAPACITOR TESTER by T. R. de Vaux-Balbirnie 368 
. he Check out those spare capacitors 
-— - SIGNAL INJECTOR by Robert Penfold 386 


A valuable aid for fault finding—uses one of the FREE Circuit 
Cards 


SIGNAL TRACER by Robert Penfold 388 
Use your FREE Circuit Card to build this simple signal tracer 


SPECTRUM EPROM PROGRAMMER by Ken Taylor 392 
Program your own EPROM’s with this Spectrum add-on 


SOMES 


INTRODUCING DIGITAL ELECTRONICS 


by Michael Cockcroft 372 
Part Nine: Inductors, Inductance and Transformers 
ON SPEC by Mike Tooley 380 
Readers’ Sinclair Spectrum page 
ACTUALLY DOING IT by Robert Penfold 400, 
Making the right connection 
AMATEUR RADIO by Tony Smith G4FA1 402 
Demonstration Stations; Antenna Defined; Magnetic Loop 
BBC MICRO by R.A. Penfold and J. W. Penfold 496 
Regular spot for BEEB fanatics 
ROBOT ROUNDUP by Nigel Clark 408 


Investigating the world of robotics 
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EDITORIAL 361 
FOR YOUR ENTERTAINMENT by Barry Fox 371 
Air Entertainment; Skyphone; Revolutionary 

MARKET PLACE 378 
Free readers’ buy and sell spot 

CABLE & SATELLITE ’89 by lan Graham 382 





The annual broadcasting and communications show 
MULTICHANNEL VIDEO DISTRIBUTION 





by George Hylton 385 
Local TV distribution by microwave relays 
USING THE FREE CIRCUIT CARDS 390 
SHOPTALK by David Barrington 398 
Product news and component buying 
DIRECT BOOK SERVICE 403 
Special service to EE readers 
PRINTED CIRCUIT BOARD SERVICE | 409 
DOWN TO EARTH by George Hylton 410 
Linearizing Rectifiers: Rectification; Practical Circuits 
So ee SPECIAL OFFER Vero Easiwire 411 
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Our July ‘89 Issue will be published on Friday, _ Readers’ Services e Editorial and Advertisement Departments 361 
June 2, 1989. See page 355 for details. 
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A SELECTIO 


As usual these kits 






produces 500 vol 
applies it to the c 
insulation up to 1 
safe in use. 







of capacitors from 


uF. Clear 5 digit LED display indicates 


exact value. Three 


and uF. Just connect the 
capacitor, press the 
button and read the 


value. 


£41.55 
OUR KIT 
REF 493 


MOSFET VARIABLE BENCH 


25V 2.5A 


OUR KIT REF 





A superb design giving 0-25V and 0-2.5A. Twin panel 
meters indicate Voltage and Current. Voltage is vari- 
able from zero to 25V. 

Current-Limit control allows Constant Current charg- 
ing of NICAD batteries, and protects circuits from over- 
load. A Toroidal transformer MOSFET power output 
device, and Quad op-amp IC design give excellent per- 


formance. 
















An 8 digit meter 
reading from A.F. 
up to 200 MHz in 
two ranges. Large 
0.5” Red LED dis- 
play. Ideal for AF 
and RF measure- 
ments. Amateur 
and C.B. frequen- 
cies. 


354 


all components, nuts, screws, wire etc. All have been tested by our 
engineers (many of them are our own designs) to ' | 
ensure that you get excellent results. 


INSULATION TESTER 


An electronic High Voltage tester for mains 
appliances and wiring. An inverter circuit 


OUR KIT REF 444 £19.58 
DIGITAL CAPACITANCE MET 


Simple and accurate (1%) measurements te 





DIGITAL FREQUENCY 
200 MHz METER 
KIT REF 563 





EE77 135 HUNTER STREET 
BURTON-ON-TRENT, STAFFS DE14 2ST 
ADD £1.00 P&P TO ALL ORDERS 


N OF OUR BEST PROJECT KITS 


come complete with printed circuit boards, cases, 





ts from a PP3 battery and 
ircuit under test. Reads 
00 Megohms. Completely 
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Produces high 
ultrasound __ pulses. 


POWER SUPPLY 


tor). 






£1 in stamps. 


KIT-TITLE 


ULTRASONIC PET SCARER May 89 
811 MIDI PEDAL Mar 89 
810 MIDI MERGE Mar 89 
809 CALL ALERT Mar 89 
807 MINI PSU Feb 89 
806 CONTINUITY TESTER Feb 89 
505 4 CHANNEL LIGHT DIMMER Feb 89 
803 REACTION TIMER Dec. 88 
802 PHASOR (Light Controller) Dec 88 
801 DOWNBEAT METRONOME Dec 88 
800 SPECTRUM EPROM PROGRAMMER Dec 88 
796 SEASHELL SYNTHESISER Nov 88 
795 1.R. OBJECT COUNTER Nov 88 
790 EPROM ERASER Oct 88 
786 UNIVERSAL NICAD CHARGER July 88 
780 CABLE & PIPE LOCATOR April 88 
775 ENVELOPE SHAPER Mar 88 
769 VARIABLE 25V-2A BENCH POWER SUPPLY Feb 88 

CAR LAMP CHECKING SYST. Feb 88 
763 AUDIO SIGNAL GENERATOR Dec 87 
739 ACCENTED BEAT METRONOME Nov 87 
740 ACOUSTIC PROBE Nov 87 (less bolt & probe) 
744 VIDEO CONTROLLER Oct 87 
745 TRANSTEST Oct 87 
734 AUTOMATIC PORCH LIGHT Oct 87 
736 STATIC MONITOR Oct 87 
723 ELECTRONIC MULTIMETER Sept 87 
728 PERSONAL STEREO AMP Sept 87 
730 BURST-FIRE MAINS CONTROLLER Sept 87 
724 SUPER SOUND ADAPTOR Aug 87 
NE Ee 718 3 BAND 1.6-300MHz RADIO Aug 87 

719 BUCCANEER us. METAL DETECTOR inc. coils and 
; as é case, less handle and hardware July 87 
Frequency Meter 5 720 DIGITAL COUNTER/FREO METER (10MHz) 
inc. case July 87 
722 FERMOSTAT July 87 
711 VISUAL GUITAR TUNER Jun 87 
715 MINI DISCO LIGHT Jun 87 
ceca - 707 EQUALIZER (IONISER) May 87 
700 ACTIVE I/R BURGLAR ALARM Mar 87 


































769 £49.73 






£62.98 _ 











































‘EQUALISER’ IONISER 





KIT REF 707 £15.53 
A mains powered loniser that 
produces a breeze of negative 
ions in the air. A compact, 


safe, simple unit that uses a 
negligible amount of electricity. 


ULTRASONIC 
PET SCARER 







power 
L.E.D. 


flashes to indicate power out- 
put and level. Battery powered 
(9V-12V or via *Mains Adap- 


KIT REF 812 £13.80 
*Mains Adaptor £1.98 


PROJECT KITS FOR E.E. 


Magenta supply Full Kits: Including PCB's (or St 
(unless stated). Please state Kit Reference Number, Kit Title, and Price, when ordering. 

REPRINTS: If you do not have the issue of E.E. which includes the project, you will need to 
order the instruction reprint as an extra: 80p each. Reprints are also available separately-Send 


PRICES INCLUDE VAT 


SHOP OPEN 9-5 MON-FRI, 9-2 SAT. 0283 65435 
= &Y 


OFFICIAL ORDERS WELCOME 





ripboard), Hardware, Components, and Cases 


3 BAND SHORT 
RADIO : 2 





























REF 718 £26.53 


Covers 1.6-30 MHz in 3 bands using 
modern miniature coils. Audio 
output is via a built-in loudspeaker. 
Advanced design gives excellent 
stability, sensitivity and selectivity. 
Simple to build. 


OUR KI 


















VISUAL GUITAR 
TUNER 


#. Crystal controlled, with 
a super rotating LED 
display. Indicates high, 
_ low, and exact degree 
- Of mistuning. Use with 
pick-up or mic. Also has 
= audible output. 




















COMPONENTS, KITS, BOOKS, TOOLS, 
MOTORS, GEARS, PULLEYS, OPTICAL 
FIBRES, ROBOTICS, AND MUCH MUCH 
MORE-IN OUR 


CATALOGUE £1.00 





















( Just a selection ) 
more in our catalogue 


KIT-TITLE 























































581 VIDEO GUARD Feb 87 é 
584 SPECTRUM SPEECH SYNTH. (no case) Feb 87 £20.92 
578 SPECTRUMI/O PORT less case Feb 87 £9.44 
569 CAR ALARM Dec 86 £12.47 
563 200MHz DIG. FREQUENCY METER Nov 86 £62.98 
561 LIGHT RIDER LAPEL BADGE Oct 86 £10.20 
560 LIGHT RIDER DISCO VERSION £19.62 
559 LIGHT RIDER 16 LED VERSION £13.64 
556 INFRA-RED BEAM ALARM Sept 86 £28.35 
544 TILT ALARM July 86 £7.82 
542 PERSONAL RADIO June 86 £11.53 
528 PA AMPLIFIER May 86 £26.95 
523 STEREO REVERB Apr 86 £26.44 
513 BBC MIDI INTERFACE Mar 86 £27.94 
512 MAINS TESTER & FUSE FINDER Mar 86 £8.82 
497 MUSICAL DOOR BELL Jan 86 £18.72 
493 DIGITAL CAPACITANCE METER Dec 85 £41.55 
481 SOLDERING IRON CONTROLLER Oct 85 £5.47 
464 STEPPER MOTOR INTERFACE FOR THE BBC 
COMPUTER less case Aug 85 £11.68 

1D35STEPPER MOTOR EXTRA £14.50 

OPTIONAL POWER SUPPLY PARTS £5.14 
461 CONTINUITY TESTER July 85 £6.20 
455 ELECTRONIC DOORBELL June 85 £7.56 
453 GRAPHIC EQUALISER June 85 £26.94 
444 INSULATION TESTER Apr 85 £19.58 
430 SPECTRUM AMPLIFIER Jan 85 £6.91 
392 BBC MICRO AUDIO STORAGE SCOPE 

INTERFACE Nov 84 £36.25 

387 MAINS CABLE DETECTOR Oct 84 £5.53 
386 DRILL SPEED CONTROLLER Oct 84 £8.68 
362 VARICAP AM RADIO May 84 £13.15 
337 BIOLOGICAL AMPLIFIER Jan 84 £24.14 
263 BUZZ OFF Mar 83 £5.68 
242 2-WAY INTERCOM no case July 82 £5.69 
240 EGG TIMER June 82 £6.86 
205 SUSTAIN UNIT Oct 81 £17.63 
108 IN SITU TRANSISTOR TESTER Jun 78 £9.42 
106 WEIRD SOUND EFFECTS GEN Mar 78 £7.82 
101 ELECTRONIC DICE Mar 77 £6.26 
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Snap 
Switch 


The first two articles in an on-going 
series of relatively inexpensive 
projects aimed at those who need 
easy to build designs. Whilst being 
well suited to inexperienced readers 
these designs will also provide 
plenty of circuits and ideas for 
everyone. 
















PROGRAMMABLE 
POCKET TIMER 


Human beings are notoriously bad 
at keeping track of time, especially 
when preoccupied. This can have 
embarrassing or downright 
dangerous consequences. Enter 
the Programmable Pocket Alarm! 
Small enough to carry in a pocket 
or handbag, simple to operate, and, 
carrying a penetrating alarm, the 
device can accurately time any 
period from 15 minutes to 3 hours 
45 minutes in 15 minute steps. 
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POWER SUPPLY 
SERIES 


This short series will introduce a few practical stabilized 
power supply projects which are reasonably simple to 
build and have good specifications. It will also delve into 


the basic theory of p.s.u. design and look at potential 
problems. 


EVERYDAY i 


ELECTRONICS 


JULY ISSUE ON SALE JUNE 2 1989 






Everyday Electronics, June 1989 











HIGH GRADE 





COMPONENT 
PACKS 


COMPONENT PARCELS 


This month we have a delicious selection of top grade component packs for you. 
They all contain brand new components of the very highest quality — ideal for 
experiment, circuit design and development, or education. All the packs are £1 
(+ VAT) each, but if you order five packs you can select another pack FREE. 


Order ten packs and you can have three extra packs FREE. 
FOR THE EXPERTS — Just look at those ICs! They are all at the very top of their class, made for peak 


performance without compromise. The kind of ICs it’s ad 
Of course, there’s no point in buying an expensive IC 
comes with its own data sheet, specifications, design ideas an 


of them could be yours in a few days time if you order right now! 


PASSIVE COMPONENTS 


PACK 1 — 200 RESISTORS. Mostly %4W caroon 
film. Lots of E12 values with some E96. 

PACK 2 — 100 CAPACITORS. Ceramics, 
metallised film, all types. A fine selection! 
PACK 3 — 30 ELECTROLYTICS. Values to 500uF. 
PACK 4 — 15 LARGE ELECTROLYTICS. 

Values to 5,000pF. 

PACK 5 — 10 TANTALUM CAPACITORS. 
Values to 47pF. 

PACK 6 — 20 HIGH VALUE POLYESTER CAPS. 
Values to 2y2. 

PACK 7 — 15 DIL RESISTOR NETWORKS. 

PACK 8 — 20 CARBON AND CERMET TRACK 
PRESETS. 


OPTO ELECTRONICS & DISPLAYS 


PACK 11 — 10 5mm LEDs: 4 red, 2 yellow, 
9 orange, 2 green. 

PACK 12 —10 3mm LEDs: 4 red, 2 yellow, 
2 orange, 2 green. 

PACK 13 — 2 CQY89A high power infra-red 
emitters. 


HI-Fl PRE-AMPLIFIER IC £2.80! + VAT 
The HA12017 is a top grade Hi-Fi pre-amplifier, turning in a THD 
of less than 0.002% over the entire audio bandwidth! The low 
noise, wide dynamic range and excellent power supply ripple 
rejection make this IC the first choice for an audio pre-amplifier 
of formidable specifications. 

Ea ‘Cis supplied with its own data sheet giving 
perfor .iance figures and graphs, the Circuit for a top flight pre- 
amplifier and a PCB foil pattern and component layout. 
SPECIFICATIONS 
THD = 0.002% typ. (f = 20Hz to 20kKHz, Vou = 10V RMS, RIAA) 
Input noise Vn = 0.185V typ. (IHF-A network, Rg = 43R, RIAA) 

Supply rejection: 
SVR+ = 56cB typ. 
(f = 100Hz, Rg = 43R) 
SVR— = 45cB typ. ageet 
(f = 100HZ, Rg = 43R) Ly 
POWER AMPLIFIER IC £3.90! + VAT 
As easy to use as an ordinary op-amp, the L165V’s massive +3A 
current handling make it the ideal choice for a minimum 
component Hi-Fi amplifier. 

This IC’s data sheet includes circuits for a basic amplifier, 4 
motor controller and a power oscillator. A separate sheet gives 
circuits and construction details for two high quality audio 
amplifiers, one giving 20W and the other 50W output. All 
information comes free with the IC. PCBs for the amplifiers are 
available separately, if required. 

SPECIFICATIONS 
Output current: +3A Frequency range: DC to 200kHz 
Supply voltage: 12V to 35V Input noise: 2uV (10Hz to 10kHz) 
ACCESSORIES 20W Hi-Fi amplifier PCB £1.20 + VAT 

SOW Hi-Fi amplifier PCB £1.60 + VAT 


HIGHGRADE 





PACK 14 — 2 HIGH POWER SENSORS. 

Matched to emitters in PACK 13. 

PACK 15 —2FND10 0.1” miniature 7-segment CC 
LED displays. 

PACK 17 — 20 NEON BULBS (use 100k series 
resistor for mains). 

PACK 18 — 2 INFRA-RED COMPONENTS. 

Emitter and phototransistor. 

PACK 19 — 3 FLASHING LEDs. 

A built-in IC makes the LED flash. 

PACK 21 —1 SLOTTED INFRA-RED OPTO SWITCH. 
PACK 23 — 10 RECTANGULAR GREEN LEDs. 

For bar graph, etc. 


SEMICONDUCTORS 


PACK 26 — 3 TAG136D MAINS TRIACS (400V, 4A). 
PACK 27 — 30 IN4000 SERIES RECTIFIERS. 

PACK 28 — 30 MIXED SEMICONDUCTORS. 
Transistors, diodes, SCRs, ICs, FETs, etc. 

PACK 29 — 20 ASSORTED ICs. 

CMOS, TIL, linear, memory, all sorts. 

PACK 30 — 20 TRANSISTORS. 

High grade general purpose NPN. 


UHF AMPLIFIER £12.20! + VAT 
The OM335 is a high gain wideband amplifier (1OMHz to 
1.4GHz) for VHF and UHF signals. It can be used as a masthead 
amplifier for better TV reception, a booster for indoor aerials, a 
distribution amplifier, and so on. The only external component 
needed is a decoupling capacitor for the power supply! 

Each amplifier is supplied with a data sheet giving 
specifications, design hints and performance figures. A separate 
leaflet, also supplied with the IC, gives a complete design for a 
TV aerial booster, with layout and construction details. A PCB for 
the amplifier is available separately, if required. 


SPECIFICATIONS 
Frequency range: 10MHz to 1.4GHz _ Noise figure: 5.5 B typ. 
Mid-band gain: 26dB at V; = 24V Supply voltage: 9V to 26V 
ACCESSORIES : 
PCB for TV aerial booster 
£1.80 + VAT 

Screening piece 

80p + VAT 








BAR GRAPH DISPLAY £3.60! + VAT 
For visual impact, there’s nothing to beat a bar graph display — 
you can see at a glance exactly what's going on. The LM3915 
needs only ten LEDs and a few resistors to make a moving dot or 
expanding bar display. The logarithmic response means that the 
graph will automatically be scaled in ABs and will cover a wide 
dynamic range — ideal for audio work. 

The data we supply with the IC gives circuits for a peak 
detector, VU meter, vibration meter, light meter, audio power 
meter, and a dozen more project ideas! 

SPECIFICATIONS 

Range: 30dB in 3dB steps 

Supply voltage: 3V to 25V 

Outputs: direct LED drive (no series resistors needed). 


elight to design with. 
unless you know exactly how to use it, so each 
d circuits. The nicest thing of all is that any one 


PACK 31 — 1 CF 585 CALCULATORIC. With data. 
see ecsctaeanmtnsseinenet ERD 


MISCELLANEOUS 


PACK 36 — 4 12V BUZZERS. 

PACK 37 — 3 PANEL NEON LAMPS. 

PACK 39 — 5 ‘BEEHIVE’ TRIM CAPS. 

PACK 40 — 3 VDRs. Mains transient suppressors 
— just wire between L and N of plus. 

PACK 42 — 12 PP3 BATTERY CONNECTORS. 
PACK 43 — 100 MYSTERY PACK. 

At least 100 top grade components. 

PACK 44 — 1 MINI BIO-FEEDBACK KIT. 

With PCB, components and instructions. 
PACK 45 —1 MINI DREAM MACHINE KIT. 
With PCB, components and instructions. 


EXTRA PACKS 


PACK 50 — 12 BC212 TRANSISTORS. 
General purpose PNP. 

PACK 51 — 12 BC213 TRANSISTORS. 
General purpose PNP. 

PACK 52 - 2 PIEZO BUZZERS. 

Use as microphone, speaker or buzzer. 


A/D CONVERTER £4.80! + VAT 
Built-in clock generator, easy interface to microprocessors, 
outputs suitable for MOS and TTL, differential inputs — the 
ADC0804’s got the lot! As a stand alone converter, it needs only 
one external resistor and one small cap. What could be easier? 

The converter comes with its own data sheet, giving full 
specifications, design hints and over 25 circuit ideas! Stocks 
limited on this one I’m afraid, and at this price they'll be gone in 
no time, so reserve yours now. 


SPECIFICATIONS 
Resolution: 8 bits Access time: 135ns 
Supply voltage: 5V Outputs: MOS and TTL. 


COMMUNICATION THROUGH THE MAINS = £6.20! + VAT 
Messages through the mains is the function of the LM1893. 
Although intended for reliable, long distance data 
communication, it can just as easily become a powerful mains 
intercom — the instructions tell you how. Each IC contains a 
transmitter which sends an FSK modulated signal along the 
mains wiring of your house or office. The IC also has a receiver to 
pick up and decode the signals, so two ICs will give you full 
two-way communication without any wires or cables! 

The instruction leaflet gives detailed design procedures, 
Circuits, and everything you need to know to build a speech or 
digital communications system. 





SPECIFICATIONS 


Transmission rate: up to 4.8kBaud 
Carrier frequency: selectable 50kHz to 300kHz 
Power boost: optional x10 power boost with single transistor. 


SoA GIES SE EE a LR OE ee 
UK Orders: Please add 80p postage & packing 
and 15% VAT to the total (including postage). 
Europe and Eire: Please add £2.50 carriage 
and insurance. No VAT. 

Outside Europe: Please add £4.50 carriage 
and insurance. No VAT. 


COMPONENTS LTD UNIT 11, 8 Woburn Road, Eastville, Bristol BS5 OTT. 
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TRANSFORMERS FROM 
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The UK Distributor for 
Standard Toroidal Transformers 


* 106 types available from stock 
* Sizes from 15VA to 625VA 
* Dual 120v primaries allowing 110/120v 
or 220/240v operation 


STEEL DISHED 
WASHER 


OUTER 
INSULATION 


NEOPRENE 


SECONDARY WASHERS 


WINDING 
INSULATION 


PRIMARY 
WINDING 


SERIES RMS 
NO. CURRENT 


03010 1.25 160VA 53011 
03011 0.83 53012 
03012 0.63 £16.85 53013 
03013 0.50 53014 
03014 0.42 53015 
03015 0.34 53016 
03016 0.30 53017 
03017 0.25 53018 


30VA 13010 53026 
13011 53028 


£10.60 53012 53029 
13013 , 53030 
13014 225VA 63012 
13015 : 63013 
13016 £18.40 63014 
13017 63015 
23010 63016 
23011. 63017 
23012 63018 
23013 63026 
23014 63025 
23015 63033 
23016 63028 
23017 63029 
23028 63030 
23029 73013 


23030 73014 
80VA 33010 £20.10 73015 


33011 : 73016 
£13.50 33012 : 73017 
33013 ; 73018 

33014 ; 73026 

33015 73025 

33016 73033 

33017 73028 

33028 73029 

33029 ? 73030 

33030 5OOVA 83016 

120VA 43010 | 83017 
£14 35 13011 ; £26.55 83018 
+99 43012 ; 83026 
43013 83025 

43014 ‘ 83033 

43015 ; 83042 

43016 83028 

‘ 83029 

83030 


625VA 93017 
93018 
£29.30 23018 
93025 
93033 
93042 
93028 


pies 93029 
Prices include VAT and carriage 93030 
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OYNPRONMAWOITUANOWNDOONWOIWNAEUO==00 


— 





DMWDDOANwODWOS 
OROONA=NA 


Quantity prices available on request 
Write or phone for free Data Pack 


Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 
Telephone: (0227) 375254 Fax: 0227 365104 
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NEW THIS MONTH 






SWITCH BARGAINS 
50,000 miniature switches by C&K. Top 
quality sub-min and min toggle, rocker, 
slide, lever and push switches from 5p 
each!! Over 100 types in Bargain List 
46, together with 15,000 thumbwheel 
switches from 20p and 5,000 DIL 
switches from 5p. Ask for your FREE 
copy now!! 

2808 Mega Solar Cell — This 
300x300mm unit incorporates glass 
screen and backing panel, so is very 















12V 200mA min on a sunny summer 
day. Can be series or parallel wired for 



























singly) or box of 7 for £99 
LCD DISPLAYS 
24115 8 digit 12.7mm high, with hol- 
der, 14seg allowing alpha-numeric dis- 
play. List £15+ £4.50 
24148 6 digit as above £3.00 
21637 312 digit direct drive, sim to 
RS588-572. 12.7mm digits. 

£2; 10/£17.50; 100/£100 


TEST GEAR 
AG2603 AUDIO GENERATOR/ 
COUNTER. Combination unit with 6 
digit display. Generator has a freq 
range from 10Hz-1MHz sine or sq 
wave. The counter operates from 10Hz- 
150MHz from internal or external 
source. Excellent value at £175 
SG4162 RF GENERATOR/COUNTER. 
Similar to above, but generator has a 
range from 100kHz-150MHz £179 
SE6100 SIGNAL TRACER £55 
FC5250 FREQUENCY COUNTER, 10Hz- 
150MHz £65 
CM3300 CAPACITANCE METER 0.1pF- 
99.9mF £65 
Full details on all above on request. 


COMPUTER ART—£19.95 


2811 Cumana touch pad for the BBC B 
computer. Enables you to draw on the 
screen using the stylus with the touch 
sensitive pad. Supplied with 2 stylii, 
power/connecting leads and demo 
tape with 4 progs. Originally sold at 
£79.95. ; Our price £19.95 


HALF-PRICE KITS 





top quality kits containing all parts, inc. 
PCB, plastic case and comprehensive 
instructions! 

EK1 Quick Reaction £2.90 
EK2 Electronic Organ £3.34 
EK3 Digital Roulette £4.29 
EK4 Electronic Dice £3.98 
EK5 Morse Code Oscillator £1.99 


KEYBOARDS 


COMPUTER KEYBOARD £4.00!! 
Yes, only £4 for this Cherry 
keyboard—67 full travel keys inc. func- 
tion keys. Size 340x 130mm. Pale/dark 
brown £4.00 




















28848 Alphanumeric plus separate 
numeric keyboard. 104 keys plus 11 
chips. 442 x 175mm. £12.00 
24116 24 way (8 x 3) membrane 
keypad. Large (200 x 90mm) area— 
they were used in a teaching aid. Over- 
lay template and pinout supplied £3.00 


28852 Keyboard: Superb brand new 
keyboard 392x181 with LCD display- 
ing 1 line of 10 characters & a further 
line with various symbols. 100 keys, inc 
separate numeric keypad. Chips on 
board are 2x74HC05, 80C48. £15.00 















Z8863 KEYBOARD—High quality by 
Microswitch. 69 keys, 6 LED’s, 15 vari- 
ous LS chips+socketed D8048 by Intel. 
Output via 7 way plug. Size 
317x170mm £12.00 


2810 KEYBOARD. Really smart alpha 
numeric standard qwerty keyboard 
with separate numeric keypad, from 
ICL’s ‘One Per Desk’. Nicely laid out 
keys with good tactile feel. Not 
encoded—matrix output from PCB 
taken to 20 way ribbon cable. Made by 
Alps. Size 333x106mm.73keys £8.95 







Back in stock Z8833 Tatung cased 
keyboard VT4100. 85 keys inc. sep. 
numeric keypad. 450 x 225 x 65/25. 

£14.95 


ELECTRONIC 
COMPONENTS 








robust. Wires are attached. Output is. } 


greater output. £24 ea (difficult to pack: 


















Range of ‘OK’ Kits at half price! 5 diff... 









' With every Vero Easiwire kit purchased 










All prices include VAT; just add £1.00 P&P; Min Credit Card 
£5. No CWO min. Official orders from schools welcome—Min 
invoice charge £10.00. Our shop has enormous stocks of 


GREENWELD » components and is open 9-5.30 Mon-Sat. Come and see us! . 
HOW TO CONTACT US 

By post using the address below; by phone (0703) 772501 or 
783740 (ansaphone out of business hours); by FAX (0703) 
787555; by EMail Telecom Gold 72:MAG36026; by Telex 
265871 MONREF G quoting 72:MAG36026. 


443D MILLBROOK ROAD, SOUTHAMPTON SO1 OHX 











1989 
CATALOGUE 


% 100 BIG pages of components 
and equipment+32 Page 
Spring Supplement 

% Low, low prices 

% Fast “by return” service 

% 28 pages of Surplus Bargains 

% Only £1—Send for yours now! 


* STAR BUY * 


GREEN SCREEN HI-RES 12in. 
MONITOR CHASSIS 
Brand new and complete except for 
case, the super high definition (100 
lines at centre) makes this monitor 
ideal for computer applications. Oper- 
ates from 12V d.c. at 1.1A. Supplied 
complete with circuit diagram and 2 
pots for brilliance/contrast, plus con- 
necting instructions. Standard input 
from IBM machines, slight mod (details 
included) for other computers. 

Only £24.95+£3 carr. 


MONITOR INTERFACE KIT 
Enables our hi-res monitor (above) and 
most others to be used with virtually 
any computer, PCB £3.00 
Complete set of on-board components 
plus regulator and heatsink £9.95 
Suitable transformer for interface and 
above monitor £5.31 


CURRAH MICROSPEECH 


We've bought up remaining stocks of 
this popular add-on to re-sell at a frac- 
tion of the original cost! 

Z4140 New complete set for ZX Spec- 
trum unboxed. (They were bulk 
packed) £7.95 


24142 Speech 64 for the C64. No 
software needed! New and working, 
but no case. With full instructions. 
£6.00 
24138 Microslot. ‘T’ connector allow- 
ing peripherals to be’‘connected to the 
Spectrum. New and boxed £2.00 
Also a quantity of ‘returns’ available. 
See Spring Supplement for details 









































































worthwhile qualification—and we can 
supply all the components you need! 
The first six parts: Everything as listed 
in the booklet given free with EE. 

Just £12.95! 


Z8858 Hitachi Video Battery Charger 
BC60U for DP60 batts. used in GP7 
camera. Extremely high quality unit 
£17.00 
Z8862 10 game video unit—2 hand held 
controllers with joysticks, beautifully 
made. Requires 7.5V DC input (suitable 
PSU £2.95). Composite video and 
sound outputs (modulator + wiring 
details for direct connexion to TV £6). 


PREEIHL 
































for £15, we're giving away, absolutely 
FREE, a complete set of components 
for the SIREN featured in Jan. issue. 
Limited supplies, so order NOW 













PARTS FOR PROJECTS SO FAR 

IR Receiver (inc. case) £6.00 
IR Transmitter (inc. case) £2.00 
SIREN (inc. case) £3.00 
TILT ALARM (inc. case) ~- £5.30 
Metal Detector £4.95 
Radio £5.95 
Signal Injector Ring for price 


Signal Tracer Ring for price 


MINIDRILL for circuit cards 
(better than punching holes) £1.69 


AM/FM STEREO TUNER 

2497 Complete radio chassis with 
push-button selection for LW/MW/FM 
and ON/OFF. Ferrite rod for LW and 
MW selection, co-ax socket for FM 
aerial. Supplied with mains trans- 
former and rectifier/smoothing cap, 
and wiring details. PCB is 333 x 90mm. 
Only £7.95 
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PCB DESIGNER 


FOR THE 48K ZX SPECTRUM 
Now you can produce high quality printed circuit 
boards/circuit diagrams/component layouts on 
your 48K ZX Spectrum. If you don’t own one it’s 


worth getting one just for this suite of programs! 

Comprehensive manual included with getting started tutorial. 
FULL SUITE FOR ONLY £30.00 INC. 

PCB LAYOUT: 

Produce quality printed circuits directly from your 


—/ 
EPSON RX/FX or compatible dot matrix printer 


using a dense 1:1 printout on positive photoresist . 
coated board. Or super quality using x2 printout 
and photoreduction. Many features such as 15 track 
widths; 15 pad sizes; 16 transistor/ic/corners; 20 
connectors; large multiscreen WYSIWYG display 
gives a clear uncluttered view of pads, tracks and 
drill holes; 0.lin. grid on/off; Block move; copy; 
mirror; rotate; erase; area fill (ideal for earth 
plane); preview; undo; dimensionally accurate 
printer routine with quick print; 1:1 or 2:1 dumps. 
Custom pad design and library. 


COMPONENT LAYOUT 


Draw component layouts directly or from existing 
pcb layouts using a unique track reducing facility. 
The following components are provided: resistors, 
capacitors, ics, diodes, transistors, line drawing, 
printout and block commands as above. 


CIRCUIT DIAGRAMS 


Features similar to the above programs with a lib- 
rary of electronic symbols including resistors, 
capacitors, diodes, transistors, fets, op amp, 
switches, inductors, logic gates. 






























LAYOUT ACTUALLY 
PRODUCED ON PCB 


Version now available for EE Centronics Interface—see Jan issue. 
State version required from: Disciple/+D; Discovery; +3; Microd- 
rive & Tape. Important! Tape and Microdrive users please state 
Centronics interface in use. 


KEMS OFT THE WOODLANDS, KEMPSEY, 


WORCESTER WRS 3NB. Tel. 0905 821088 after 6 p.m., or 
see us on A.1.X-386 BULLETIN BOARD 0905 52536/754127 
on any computer with modem. 







SPECIAL OFFER 
OSCILLOSCOPES cars HAMEG MODULAR SYSTEM 
Delay Sweep ............ €500 | HM8001 Main Frame with HM8032 Sine Wave Generator 20Hz— 














DISK DRIVE PSU 240V In. 5V 1.6A & 12V 1.5A Out. 
pete she amp atta Cased. UNUSED sescsssssccsosessssssesusseie ONLY £10 each (P&P £3) 


ae os BV 40A BE1QV 5A ceececscessseeessseeseseessneenneees £90 Cah (P&P £4) 
OTHER SWITCHED MODE PSUs available. Please enquire 







dc 
SCOPEX 4D10B Dual Trace 10MHz £1 
TELEQUIPMENT S54A Single Trace 10MHz Solid State ....... £90 










MULTIMETERS (rap ait avos £10) 

AVO 8 Complete with Batteries & Leads ......scccneeen From £50 

AVO 8 MKV Complete with Batteries & Leads 

AVO TEST SET No 1 (Military version of AVO 8) 
with Batteries 














£550 with 2 Croc-clips & 2 Prods 
Black “Ever-Ready” case for AVOs. Unused .......... £15 (P & P £4) 


sep eeneneenereereceenseeenenes 















AVO VALVE TESTER CT160. Suitcase style. 22 Bases 
& 


Symchwoniser TF2173 ...sseesssscsssssceeessessenssnsneeneserssunssscessseeeres MOO TO ONLY £25 


MARCONI TF2016 without Synchroniser ...........:::-cssssssssuees £300 | (P 





MARCONI/SANDERS SIG SOURCE 60558. AVO TRANSISTOR ANALYSIS Mk2 CT446 Suitcase style 
pen RLS TE aie RIESE Serena £500 | complete with goer waren 
DYMAR 1525 AM/FM 0.1—184MHz Sig Gen Pea Ve ae £200 Prrreririrrirrs i AE POWER TF eeeeereeectenesees EACH 
Pee ee MANUG! ......csssccessseesesees ONLY £35 (P & P £7) 
shegididics nedptiepcadecaluniosae 


MARCON'! 
TF2337A. 400Hz or 1KHz. Measures down to 0.01% ........... £150 | Delay Sweep. Component Tester + two PprOD@S .........+-.-+0+++- 
MARCONI TF2700 UNIVERSAL LCR Bridge. 





Srrrrererrrrtitt 


Component 
All Other Models Available. 









Battery Operated 
PHILIPS PM6456 FM Stereo Generator ................:cseceseeeees £95 





TRIO RF SIGNAL GENERATOR Type SG402 
1 Unused (P & P £7) .....cccescsesersesnecess ONLY £75 | BLACK STAR COUNTER TIMERS (P & P £5) 
ADVANCE SG62B AM 150KHz—220M#2 .........-..- £45 (P & P £7) | APOLLO 10—100MHz Radio/Period/Time CE cersessse £222 





perererrerrrrerttretrtttrtet 












Meteor 1000—1GHZ ...........ccececesseecsssssenensnssensscsencsserenenenenenens £1 

BLACK STAR JUPITOR 500 FUNCTION GENERATOR. 
sesssevensasensncacens Sine/Square/T\ . 0.1Hz—S00KHZz. (P & P £4)... £110 

ORION COLOUR BAR GENERATOR Pal TV/Video ............- £209 






OM SV) £2 ©ACH 5 Off ......-seccsnsecsessneecneecsnsensssssesnnennnecansnnesenssees 


Type 3 NORTH AMERICAN PHILIPS 24 Steps per rev. HUNG CHANG DMM 7030. 3122 digit. Hand held 28 ranges including 
a batteries & leads. 


mavenyoessdessuadineantayse £6each | 4 AC/DC 0.1%. Complete with 
(P&P EA) oecccscecscnescsessneccsnecensessneessnecssessnecenscanscsnscennanensenes £39.50 
Jescssasescassesesecsscessecnsacessocesanensoscutacesazenanvecscasssedanresapseseonensaeest EAeach | As above DMM 6010 0.25% ..-..ssccescsssesessseesssneessntesneeeeenees £39.50 


Carrying Cases fOr ADOVE ..........essseesseessnesenneesneesunennnennnnses £3 each 


OSCILLOSCOPES PROBES. Switched x1x10 (P & P £3) .... £11 





USED EQUIPMENT — WITH 30 DAYS GUARANTEE. MANUALS SUPPLIED IF POSSIBLE. _ 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability 
before ordering. CARRIAGE ail units £16. VAT to be added to Total of Goods & Carriage. 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6G 1PL 
phone: 0734 68041 Fax. 0734 351696 cy 


BARCLAYCARD Tele 
ae Callers welcome 9 am-5.30 pm Mon.-Fri. (until 8 pm Thurs.) 
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EDU-SCOPE Build your own solid 


state oscilliscope - eeneero of : = UY 





parts excluding case....... 9.99 g a. BS Yi 
EDU-SCOPECASEKIT. . £10.95 Ar. Yj 


LOW COST LEAD/PROBE. £3.95 


BUG-89 Micro sized surveillance transmitter - can be received by any 
FM/VHS radio or our MICRO-FM - PCB size only 50x20mm..... £4.99 
MICRO-FM A micro miniature personal FM receiver - High quality IC 


listening to your favourite radio shows! (cased) .......-.-+--++- 


ROBO-VOX Instantly transforms your voice into into Dalek/Robot type 
- also amazing feedback sound effects possible (cased) ........ £9.95 
ROBOT CIRCULAR Unique radio controlled robot - can also be 
converted to control via COMpULET... 1... eee eee eee eee eee £16.95 
THERAMIN MUSIC GENERATOR Anelectronic device based on an 
ancient legendary mystical instrument (cased)........-+.+++- £A12,75 
SOLARTRONICS-88 Enter the exciting world of Solar Electronics with 
our Solar Designer's experimenter Kit. ... 2.0... 5eeeeeeeeeeees £7.75 


SUPER SOUND-FX MICROCOMPUTER _ An easy to use and 
program single chip sound effects Micro completely self contained - 
Incredible sound routines already masked programmed into the device - 
this is our most popular kit at present .......-...e essere eeeeee £9.95 
SOUND-FX PRO CONSOLE CASEKIT ............---: £3.99 


Please add 15% VAT and £0.95 per 
order for P&P. For FREE Datapack on 
all our Kits/ Products send SAE. - 
Allow up to 14 days for delivery - 



















Make Cheques/Po's payable to :- 7 E WeEz rs 
ITRON U.K. Z A pe 

Castle Mill, Lower Kings Road : os 

BERKHAMSTED p> , 


Hertfordshire HP42AD Design Innovations Ltd. 


FRASER ELECTRONICS 


42ElmGrove Southsea Hants PO51JG 
he ite ee oe We Ok OW 


BUDGET PACK SELECTION 


The packs listed below are selected from our full list of 140 
packs (sent free with all orders). Note that our prices include 
VAT and carriage charges—NO HIDDEN EXTRAS. All orders 
subject to a minimum value of £3.00. Access and Barclaycard 
accepted—and you can ‘phone orders to 


Portsmouth (0705) 815584 


from 9.00am ‘till 5.30pm any weekday 


Oty. Device Description Cost 
100 1N4148 Signal diode 75mA/75V £2.00 
15 BC547 NPNGPtransistor £1.00 
25 LEDS5R SmmredLED £2.00 
7812 1A/12V regulator £2.00 
8-pin DIP timer £1.80 
8-pin DIP op.-amp £1.80 
12  4011BE Quad-2 NAND gate CMOS £2.00 
10 74LS00 Quad-2 NAND gate TTL £2.00 
12 DIL-14 14-pin DiL socket £1.00 
5 DX25PZ D-minRS232 solder plug £2.00 
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HART AUDIO KITS—YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-FI 


Yes, you too can afford the very best in real Hi-fi equipment by building 
a HART kit. With a HART kit you can avoid the hilarious prices and 
magical claims of the ‘oxygen free grain oriented copper’ brigade and 
the flashy exterior and mundane interior of the mass market products. 
With every HART kit you get the benefit of circuit design by world 
leaders in their field, men of the calibre of John Linsley Hood for 
instance who has been in the forefront of audio design for many years. 
This circuit expertise is harnessed to realise its full potential by HART 
engineering standards which have been famous in the kit field since 
1961. The HART approach is simply to give you the best value in Hi-fi by 
combining the best circuit concepts with the latest and best 
components within a unit carefully designed to bring out your hidden 
skills as an equipment builder. 

Units in the HART audio range are carefully designed to form matched 
stacks of identically sized cases, in many cases even the control pitches 
are also lined up from unit to unit for a cohesive look to your 
customised ensemble. 

Flagship of our range, and the ideal powerhouse for your ultimate 
system is the new AUDIO DESIGN 80 WATT POWER AMPLIFIER, 
described in the May issue of ‘Electronics Today International’. This 
complete stereo power amplifier has so many features that you really 
need our list to browse through them all. Glossing over its technical 
merits, which its pedigree guarantees anyway, it is a power amp with 
the extra versatility of a built-in passive input stage giving three 
switched inputs, volume and balance controls. Tape or CD players 
may, therefore, be directly connected along with a standard pre-amp 
output, indeed your system may not need a preamp at all with the well 
balanced output of competent CD players. 

Send for our new FREE Spring ‘89 List. It has full information on this 
new amplifier as well as details of improvements to other kits in our 
range. 

Our 300 SERIES amplifiers for instance now feature optional Phono 
input sockets and double size LCR power supply capacitors. 

The 400 SERIES John Linsley Hood Audiophile Tuner range now 
incorporates the very latest updated stereo decoder circuit which can 
also be retro-fitted to existing tuners with our ‘Tuner Enhancement 
Package’. 

Also listed are many exciting new products for the serious audiophile 


quality connection leads for CD audio or digital signals. 





such as our Gold plated phono and XLR plugs and sockets andultimate ~ 


Personal callers are always very welcome but 
\_ please note that we are closed all day Saturday 








VFL600 VERTICAL FRONT LOADING 
CASSETTE MECHANISM 





High quality, reasonably priced front loading cassette deck, fitted with 
good quality stereo R/P and erase heads. The mechanism has a 3-digit 
counter, chrome operating keys, mechanical auto stop and a 
removable decorative cassette door with central window and key 
functions marked below. Cassette door/carrier has a hydraulically 
damped ‘soft eject’ feature. Motor is internally governed and only 
needs a 12V DC supply with an average current of 80mA. A change- 
over switch is fitted to energise the motor when required and provide a 
make contact in the stop position for replay mute. Overall size is 
160mm wide including counter, 100mm high and 85mm deep 
including motor and keys. A robust and thoroughly useful deck for 
many purposes. 

VFL600 Vertical Front Loading Cassette Deck .....c....csssssssssssene £27.95 


SOLENOID CONTROLLED FRONT LOAD 
CASSETTE DECK TN3600 - 





High quality (0.08%W&F) successor to our very popular SF925F. A very 
useful high quality cassette mechanism for domestic or industrial use. 
Offers all standard facilities plus cue and revue modes all under 
remote, logic or software control. The power and control requirements 
are very simple with 12V solenoids and 12V Motor with built in speed 
control. Deck is supplied as standard fitted with a very nice 10kHz R/P 
head and a 1.5mH erase head. 


TN3600 Deck with stereo head ........ccccssccssssesssssssssssssssessecscsessoesee £48.53 
INF340 Full manufacturers data .........ccc.cccccssessssssssssrsssssesseccooseessses £2.90 
HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 


Do your tapes lack treble? A worn head could be the problem. Fitting 
one of our replacement heads could restore performance to better than 
new! Standard inductances and mountings make fitting easy on nearly 






(0691) 652894 ALL PRICES INCLUDE VAT 





pee 
‘A f. 2 


: . | 
all machines and our TC1 Test Cassette helps you set the azimuth spot 
on. As we are the actual importers you get prime parts at lower prices, 
compare our prices with other suppliers and see! All our heads are 
suitable for use with any Dolby system and are normally available ex. 
stock. We also stock a wide range of special heads for home 
construction and industrial users. 





HS16 Sendust Alloy Stereo Head. High quality head with excellent 
frequency response and hyberbolic face for good tape to head contact 

du ispcetandsagansond hs nasdeisacach Sancabbtgadh Ge techies olniesbidbhascuic obtusa bone £17.86 
HC40 NEW RANGE High Beta Permalloy Stereo head. Modern space 
saver design for easy fitting and lower cost. Suitable for chrome metal 
and ferric tapes, truly a universal replacement head for hi-fi decks to car 
players and at an incredible price t0O! ........cccscccsssscssseccssecsseessseeen £6.65 
HX100 Special Offer Stereo Permalloy Head ........ccc..ssssecssssesecssses £2.86 
HRP373 Downstream Monitor Stereo Combination Head ......... £44.39 
HQ551 4-Track Record & Play Permalloy Head for auto-reverse car 


players Or quadraphonic recording ......sscssssssssesssssececsssseesssssneesen £16.79 
H524 Standard Erase Head ..........:0issccsososscyssscosacecscessoectolacesecssatane £2.59 
SM166 2/2 AC Erase Head, Standard MOunt ....c.sccscsccsssesossssoossee £12.60 
HS9510 2/4 Stereo DC Erase Head ........ccccccsecsssccssssssessecsssesssecosee £8.70 


HQ751E 4/4 AC Erase Head, tracks compatible with HQ551 ...... £57. 
We can supply card reader heads for OEMs at very keen prices. 


REEL TO REEL HEADS 
999R 2/4 Record/Play 110mH. Suits Stuart tape Circuits ............ £13.34 
998E 2/4 Erase Head 1mH. Universal Mount. Suits Stuart ......... £11.96 


TAPE RECORDER CARE PRODUCTS 
HART TC1 TEST CASSETTE Our famous triple purpose test cassette. 


Sets tape azimuth, VU level and tape speed ........cccsssssecssssssesesssees £5.36 
DEM1 Mains Powered Tape Head Demagnetizer, prevents noise on 
playback due to residual head magnetisation ...........scc..sssseesss0e: £4.08 
DEM115 Electronic, Cassette Type, demagnetizer ......c:::......0000 £8.61 


Our new SPRING '89 List is FREE. Send for your copy now. Overseas 
customers welcome, please send 2 IRCs to cover surface post, or 5 for 
Airmail. 


Please.add part cost of carriage and insurance as follows:- 


INLAND OVERSEAS 
Orders up to£10—£1 Please see 

Orders£10to£49—£1.50 the ordering 
Orders over £50—£2.50 information 


Express Courier—£9 with our lists. 
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Yes its 25Mt1z for £29 
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Full 2 Year Warranty 


To scale the heights, just call 
us for your FREE copy of our 


catalogue 


* Component Comparator 
WYe, * Variable Hold Off 
Triple DC Source 


* DC -— 25 MHz 


*% 40ns/div 
\ ¥% 2mV/div 
% Low Cost 


299 || 





*(Ex VAT & Delivery) 
os ee 


Crotech bnstruments Limited! | 


2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ 
Telephone: (0480) 301818 
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One of the best burglar deterrents is a 
guard dog and this kit provides the bark- 
ing. Can be connected to a doorbell, 
pressure mat or any other intruder detec- 
tor and produces random threatening 
barks. All you need is a mains supply, 
intruder detector and a little time. 


DL8000K 8-way sequencer kit with built- 
in opto-isolated sound to light input. Only 
requires a box and control knob to com- 


DL1000K 4-way chaser features bi- 
directional sequence and dimming 1kW 
per channel 

DLZ1000K Uni-directional version of the 


above. Zero switching to reduce in- 


terference. . .. 

DLA/1 (for DL & DLZ1000K) Optional op- 
to input allowing audio ‘beat’ /light 
response p 
DL3000K 3-channel sound to light kit, 
zero voltage switching, automatic level 
control and built-in mic. kW per 
channel 


POWER STROBE KIT 
Produces an intense 
light pulse at a 
variable frequency of. 


tors, 5Ws strobe tube and assembly in- 
structions. Supply: 240V ac. Size: 
80 x 50x 45. 

XK124 STROBOSCOPE KIT 


SIMPLE KITS FOR 
BEGINNERS 

Kits include all components (inc. speaker 

where used) and full instructions. 

$K1 DOOR CHIME play a tune when ac- 

tivated by a pushbutton 

SK2 WHISTLE SWITCH switches a relay 

on and off in response to whistle com- 
£3.90 

SK3 SOUND GENERATOR produces 

FOUR different sounds, including 

police/ambulance/fire-engine siren and 

machine gun 

SPECIAL OFFERS ON KITS FOR 


VOICE RECORD/PLAYBACK KIT 


RECORD 


MICROPHONE 


AMP 


HIGH QUALITY PCB 


we VOICE PROCESSOR 


128K MEMORY 


This simple to construct and even simpler to operate kit will record and playback 
short messages or tunes. It has many uses— seatbelt or lights reminder in the 
car, welcome messages to visitors at home or at work, warning messages in 
factories and public places, in fact anywhere where a spoken message is an- 
nounced and which needs to be changed from time to time. Also suitable for 
toys—why not convert your daughter’s £8 doll to an £80 talking doll!! 


TEN EXCITING PROJECTS FOR BEGINNERS 


This kit contains a solderless breadboard, components and a booklet with in- 
structions to enable the absolute novice to build ten fascinating projects in- 
cluding a light operated switch, intercom, burglar alarm and electronic lock. 
Each project includes a circuit diagram, description of operation and an easy to 
follow layout diagram. A section on component identification and function is in- 


cluded, enabling the beginner to build the circuits with confidence. 


MULTIMETER BARGAINS 


4 A high accuracy Autoranging meter with 
Display Hold, Memory features. 


0-2-200-750 1.2% 


Resistance. 0-200-2K-20K-200K-2M 1% 
Continuity. . Buzzer sounds at /20 ohms 
127x69x25mm 


A 15 range Autoranging multimeter with 
4AC, 5DC and 6 resistence ranges. Only 
8x55x108mm. Complete with wallet. 


Ask for a leaflet on our range of meters 


£15.00 


ELECTRONIC WEIGHING 
| SCALES _ 


UNITS SELECTOR 
SWITCH 
4 DIGIT LEO DISPLAY ? 


1m LED , 
eat DUAL PHOTOTRANSISTOR 


Kit contains a single chip micro- 


| processor, PCB, displays and all elec- 
J tronics to produce a digital LEDreadout of 
4 weight in Kgs or Sts/ibs. A PCB link 


selects the scale—bathroom/ two types 
of kitchen scales. A low cost digital ruler 
could also be made. 


* %& %&© BARGAIN COMPONENT PACKS ® *& *& 


Refill those empty component drawers at a fraction of the normal price and 
don't be caught out. All components supplied are to full spec, and are not 
seconds or surplus stock. Prices exclude VAT (15%). 


Pack A: 650 x 25 watt resistor 47R-10M 


Pack B: 60 x Radial electrolytes 1uf— 1000uf 
Pack C: 30x Polyester capacitors a or 0.01uf-tuf 


Pack D: 35x horizontal presets 1kK-—1M 
Pack E: 30x IC sockets 8, 14, 16 pin 


Pack F: 25x Red 5mm LEDs 
Pack G: 25x Green LEDs 


Pack H: 30x 5mm LEDs 10 Red, 10 Green, 10 Yellow 


SUPER-SENSITIVE 
MICROBUG 


Pp 
cacehaaarY sae © PRINTED CIRCUIT 
Ri AERIAL COIL 


SENSITIVE 
ELECTRET 
OP r+C 


~~ Fs1GH QUAL ITY 
FIBREGLASS PCB WITH 
SCL DER RESIST (20 « 40mm } 
Only 45x 25x 15mm, including built-in 
mic. 88-100MHz (standard FM radio). 
Range approx. 300m depending on ter- 
rain. Powered by 9V PP3 (7mA). Ideal for 
surveillance, baby alarm etc : 


VERSATILE REMOTE 
CONTROL KIT — 


Includes all components (+trans- 
former) for a sensitive IR receiver with 16 
logic outputs (0-—15V) which with 
suitable interface circuitry (relays, 
triacs, etc — details supplied) can switch 
up to 16 items of equipment on or off 
remotely. Outputs may be latched to the 
last received code or momentary (on dur- 
ing transmission) by specifying the 
decoder IC and a 15V stabilised supply is 
available to power external circuits. Sup- 
ply: 240V AC or 15-24V DC at 10mA. 
Size (exc. transformer) 9x4x2 cms. 
Companion transmitter is the MK18 
which operates from a 9V PP3 battery 
and gives a range of up to 60ft. Two 
keyboards are available-MK9 (4-way) 
and MK10 (16-way). 


MK12 IR Receiver 


MK9 4-way Keyboard 
MK10 16-way Keyboard 
601133 Box for Transmitter. 


MICROPROCESSOR TIME 


Kit controls 4 

outputs inde- 

pendently 

switching on 

/off at 18 

preset times 

over a 7-day 

cycle. LED display of time/day easily 
programmed. Includes box. 


XK114 Relay kit for CT6000 includes 
PCB, connectors and one relay. Will ac- 


SCHOOLS AND TRAINING CENTRES cept up to 4 relays. 3A/240V c/o con- 


—contact Sales Office for discounts 
and samples 


Pack J: 50x 1N4148 silicon diodes ‘ 
Pack K: 40x npn/pnp transistors BC/548/558 General Purpose. . £2.25 
FREE Solderless Breadboard (verobloc type) when you buy all ten packs. 


TK ELECTRONICS 
13 Boston Road 
London W7 3SJ 


ORDERING INFORMATION All prices exclude VAT. Free 
p&p on orders over £50 (UK only), otherwise add 
£1+VAT. Overseas p&p: Europe £3.50 elsewhere 
: £10.00. Send cheque/PO/Barclaycard/Access No. with 
Tel: 01-567 8910 order. Giro No. 529314002. Local authority and export 
Fax: 01-566 1916 orders welcome. Goods by return subject to availability. 


ORDERS: 01:5678910 24 Hours 
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Editorial Offices 
EVERYDAY ELECTRONICS EDITORIAL, 
6 CHURCH STREET, WIMBORNE, 
DORSET BH21 1JH 
Phone: Wimborne (0202) 881749 
FAX: (0202) 841692 
See notes on Readers’ Enquiries below—we re- 
gret that lengthy technical enquiries cannot be 
answered over the telephone 
Advertisement Offices 
EVERYDAY ELECTRONICS ADVERTISEMENTS 
HOLLAND WOOD HOUSE, CHURCH LANE, 
GREAT HOLLAND, ESSEX C013 0JS. 
Frinton (0255) 850596 


EVERYDAY | 


INCORPORATING ELECTRONICS MONTHLY 


The Magazine for Electronic & Computer Projects 
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IT GREW IN THE TELLING 

The SCS catalogue which is presented free inside this issue was billed 
last month as being 64 pages. By the time SCS had covered everything 
they sell the catalogue turned out to be 80 pages! So you have even more 
value, more reading, more kits and bits than we promised. 


CIRCUIT CARD 

The last in our line of Circuit Cards appears this month, these designs 
have all been very popular. Should you have missed any our back num- 
bers service can still supply them. The previous cards covered Infra Red, 
Remote Control Transmitter and Receiver (December 1988), Tilt Alarm 
and Siren (January 1989) and Metal Detector and Radio (May 1989). 

We hope to do another free gift based on Easiwire later in the year, it 
certainly is a popular method of construction especially for the less 
experienced hobbyists. 


FIRST AGAIN 

Once again Everyday Electronics has topped the circulation figures for 
U.K. monthly electronic hobbyists magazines. In fact our U.K. circula- 
tion lead over our nearest rival is now more than 5,000 copies per month; 
thank you for buying Everyday Electronics. These figures are not guesses 
or wishful thinking—the circulation of Everyday Electronics is audited to 
the strict professional standards administered by the Audit Bureau of Cir- 
culations. 

To keep us on the straight and narrow we always like to hear your views 
on our content. Please keep your letters flowing, whilst we cannot under- 
take to publish everything everyone wants, we can and do try to shape the 
magazine to meet your general needs. Everyday Electronics has now, 
with your help, been number one in the U.K. for the last four years and 


Editor MIKE KENWARD 
Secretary PAMELA BROWN 
Deputy Editor 

DAVID BARRINGTON 
Business Manager 

DAVID J. LEAVER 


Editorial: WIMBORNE (0202) 881749 


Advertisement Manager 
PETER J. MEW Frinton (0255) 850596. 


Classified Advertisements 
Wimborne (0202) 881749 


READERS’ ENQUIRIES 

We are unable to offer any advice on the 
use, purchase, repair or modification of 
commercial equipment or the incorpora- 
tion or modification of designs published in 
the magazine. We regret that we cannot 
provide data or answer queries on articles 
or projects that are more than five years 
old. Letters requiring a personal reply 
must be accompanied by a stamped 
self-addressed envelope or a self- 
addressed envelope and inter- 
national reply coupons. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied by 
advertisers. 


OLD PROJECTS 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide 


we intend to keep it that way! 


- 





SUBSCRIPTIONS 

Annual subscriptions for delivery direct to 
any address in the UK: £15.70. Overseas: 
£19.00 (£36 airmail). Cheques or bank drafts 
(in £ sterling only) payable to Everyday Elec- 
tronics and sent to EE Subscriptions Dept., 6 
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Subscriptions can only start with the next 
available issue. For back numbers see below. 


BACK ISSUES 

Certain back issues of EVERYDAY ELEC- 
TRONICS are available price £1.50 (£2.00 
overseas surface mail—£ sterling only 
please) inclusive of postage and packing per 
copy. Enquiries with remittance, made pay- 
able to Everyday Electronics, should be sent 
to Post Sales Department, Everyday Elec- 
tronics, 6 Church Street, Wimborne, Dorset 
BH21 1JH. In the event of non-availability 
remittance will be returned. Please allow 28 
days for delivery. We have sold out of Sept. 
Oct. & Dec. 85, April, May, Oct. & Dec. 86, 
April, May & Nov. 87, Jan., March, April, June 
& Oct. 88. 


BINDERS 

Binders to hold one volume (12 issues) are 
available from the above address for £4.95 
(£6.95 to European countries and £9.00 to 
other countries, surface mail) inclusive of 
postage and packing. Please allow 28 days 
for delivery. Payment in £ sterling only 
please. 


data or answer queries on projects 
that are more than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY ELECTRONICS take reason- 
able precautions to protect the interests of 
readers by ensuring as far as practicable 
that advertisements are bona fide, the 
magazine and its Publishers cannot give 
any undertakings in respect of statements 
or claims made by advertisers, whether 
these advertisements are printed as part of 
the magazine, or are in the form of inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, 
or for late delivery, or for faults in manufac- 
ture. Legal remedies are available in re- 
spect of some of these circumstances, 
and readers who have complaints should 
address them to the advertiser or should 
consult a local trading standards office, or 
a Citizen’s Advice Bureau, or a solicitor. 


TRANSMITTERS/BUGS 

We would like to advise readers that certain 
items of radio transmitting equipment which 
may be advertised in our pages cannot be 
legally used in the U.K. Readers should check 
the law before using any transmitting 
equipment as a fine, confiscation of equipment 
and/or imprisonment can result from illegal 
use. 

The law relating to this subject varies from 
country to country; overseas readers should 
check local laws. 
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Constructional Project 


BAT 


DETECTOR 
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Explore the fascinating world of bats and 
unravel some of their mysteries with this 


low cost instrument 


STEADY stream of readers’ sugges- 
A: for projects is received in the 

offices of EE, and one idea which 
seems to crop up fairly regularly is for a 
“bat detector”. In other words, a unit that 
will effectively extend human hearing so 
that the ultrasonic sounds produced by 
bats, or any other sounds at similarly high 
frequencies, can be heard. 

Apparently units of this type do have 
practical applications in such diverse fields ) 
of interest as nature study and the detec- 
tion of gas leaks. The unit described here 
may well be suitable for serious applica- 
tions, but it was really only designed for its 
interest value. 

It it surprising how much ultrasonic 
sound there is in the average house. Some 
quite loud sounds such as moving furniture 
around seem to have little or no ultrasonic 
content. Other sounds seem to contain 
little audio frequency content, but have 
quite significant ultrasonic levels. Drop- 
ping a pin or some other small object onto a 
hard surface produces little audio fre- 
quency sound, but seems to be readily 
detectable using this unit. 


DETECTION METHODS 
Detecting ultrasonic soundwaves is not 
very difficult technically, and the Breaking 
Glass Alarm in the September 1988 issue of 
Everyday Electronics is a basic detector of 








HIGH GAIN 
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Fig. 1. Block diagram showing the 
basic bat detector system. 


this type. Processing the received signal to 
give a useful audio frequency output signal 
is a little more difficult. 

Some means of reducing the frequency 
of the received soundwaves is clearly 
needed, but the method used must not 
affect the relative amplitudes of the signals 
or otherwise severely distort the signal. 
What is needed is a system that not only 
gives some form of audio output, but one 
which also gives the sort of sound that you 
would hear if your ears could detect the 
ultrasonic input frequencies unaided. 

One obvious approach is to use some 
form of frequency division systems. Divid- 
ing input frequencies by (say) five, would 
effectively extend the 20Hz to 20kHz audio 
frequency range to a 100Hz to 100kHz 
range. Bats apparently operate at around 
35kHz to 80kHz or so, and this should ena- 
ble them to be detected. 

Unfortunately, the only reasonably sim- 
ple frequency divider circuits are digital 
types which only deal in pulse signals. 
Using one of these would give a very dis- 
torted and crude form of output signal. 


HETERODYNE APPROACH 


The other obvious approach, and the 
one adopted in this design, is to utilize the 
heterodyne principle. This is the same 
effect that is used in most radio receivers 
and television sets. 








ULTRASONIC 
OSCILLATOR 





In these applications it is used to convert 
a signal at a high radio frequency to one ata 
lower radio frequency. Here the frequen- 
cies involved are much lower, but the prin- 
ciple of operation is exactly the same. 
Heterodyning mixes two signals to gener- 
ate an output signal that contains new fre- 
quencies, plus the input frequencies. 

By using a balanced or double balanced 
mixer it is possible to remove one or both of 
the input signals from the output. In this 
case both the input frequencies will be at 
ultrasonic frequencies, and failing to 
remove them will not necessarily prevent 
the unit from functioning properly. How- 
ever, there is some advantage in removing 
both input frequencies in that this avoids 
problems with these signals overloading or 
otherwise having adverse effects on the 
output stages of the unit. , 


SUM AND DIFFERENCE 


The new frequencies produced by the 
heterodyning technique are the sum and 
difference frequencies. As a simple exam- 
ple we will assume that a bat is using a fre- 
quency of 60kHz for its “RADAR”. If we 
heterodyne this with the 55kHz output 
from an audio frequency oscillator, the 
sum frequency is 115kHz (60kHz + 55kHz 
= 115kHz), and the difference frequency is 
5kHz (60kHz—55kHz=5kHz). The sum 
frequency is of no interest as it is at an even 
higher frequency that the input signal, but 
the difference frequency provides the 
desired effect with the input signal being 
brought down to an audio frequency 
output. 

In effect, the heterodyning technique 
reduces all the input frequencies by an 
amount which is equal to the frequency of 
the signal with which they are mixed. By 
using a suitable oscillator frequency it is 
therefore possible to bring a signal at any 
frequency down into the audio range. 

The relative strengths of the input fre- 
quency components is reflected in the rela- 
tive strengths of the output components 
that they generate. The output signal con- 
sequently reflects the nature of the input 
signal. A single input tone will give a single 
output tone—a noise input signal will pro- 
duce a noise signal from the output. 


FREQUENCY RANGE 

This system does have its limitations, 
and one of these is that a single oscillator 
frequency will not provide coverage of the 
full ultrasonic range. This is simply because 
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the ultrasonic range covers a much wider 
span of frequencies than the audio fre- 
quency range. With this method you can 
only cover 20kHz chunks of the ultrasonic 
spectrum. 

Another problem is that signals at fre- 
quencies below the oscillator frequency 
can also produce an output at audio fre- 
quencies. In our previous example a signal 
at 60kHz was reduced to 5kHz using an 
oscillator frequency of 55kHz. An input 
signal at SOkHz would also give a 5kHz 
audio output signal (55kHz — 50kHz = 
5kHz). 

Having the oscillator above the signal 
' frequencies inverts the audio output signal. 


The lower the input frequency, the higher 


the output frequency. 

In practice these problems do not seri- 
ously detract from the effectiveness of the 
unit. For best results the oscillator should 
be set at something approaching the lowest 
frequency that gives a good audio output 
signal. The audio output signal should then 
give a good idea of the type of input signal 
that is being received. 


BASIC SETUP 
The block diagram of Fig. 1 shows the 


basic setup used in the Bat Detector. A 
microphone detects the ultrasonic sound- 
waves and converts them into correspond- 
ing electrical signals. 

There is a slight problem here in that 
ordinary microphones are only designed to 
operate efficiently over the audio fre- 
quency range. Most have responses that 
fall away rapidly above 20kHz, and some 
do not even operate well to the upper limit 
of the audio range. 

We opted for a 40kHz ultrasonic trans- 
ducer of the type used in remote control 
units, burglar alarms, etc. Although these 
have peak efficiency at a frequency of 
about 40kHz, they seem to work reasona- 
bly well from the upper part of the audio 
range to a frequency of around 80kHz. 

Their frequency response is far from flat, 
but they provide reasonable sensitivity and 
quite good results overall. Of course, if you 
can find an ordinary miocrophone that 
works well at frequencies well into the 
ultrasonic range, then it should work per- 
fectly well with this unit. 

Whatever type of microphone is used, its 
output is unlikely to be anything other than 
very weak. A high gain preamplifier stage 
is therefore used to boost the input signal. 

A gain control permits the gain of the 
unit to be backed off if a strong input signal 
causes overloading. This is followed by 
highpass and lowpass filters. 


HIGHPASS FILTER 


The highpass filter is important as it 
severely attenuates any audio frequency 
output signals from the microphone. This 
helps to keep any audio frequency break- 
through to the output down to an insignific- 
ant level. When using a fairly low oscillator 
frequency it also avoids having audio fre- 
quency input signals reacting with the oscil- 
lator to produce further audio frequency 
signals at the ouptut. 

The lowpass filtering might seem to be 
unnecessary, since the response of the mic- 
rophone is unlikely to provide any signific- 
ant output at frequencies beyond about 
80kHz. It is not signals from the mic- 
rophone that are likely to be troublesome, 
a more likely cause of difficulties is stray 
pick-up of radio frequency (r.f.) signals. 

These r.f. signals could cause break- 
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through in demodulated form at the output 
of the unit, or they could react with har- 
monics of the oscillator signal to produce 
heterodyne “whistles” on the output sig- 
nal. The lowpass filtering eliminates both 
these possibilities. 

Even after being boosted by the 
preamplifier the signal is still quite weak, 
and a further high gain amplifier stage is 
used to raise it to a more useful level. The 
signal is then applied to one input of a 
balanced mixer. The other input is fed from 
a variable frequency oscillator. 


LE 


Resistors 
R1,R13 
R2,R8,R12,R14 
R3, R26 
R4,R15, R16, 
R22,R23 4k7 (5 off) 
R5 2k7 
R6, R7 68k (2 off) 
R9,R10,R11 1k (3 off) 
R17 18k 
R18,R24 10k (2 off) 
R19, R25 100k (2 off) 
R20 5k6 
R21 270 
All 0.25 watt 5% carbon 


1M (2 off) 
2k2 (4 off) 
390 (2 off) 


See page 398 


Potentiometers 
VR1 4k7 rotary, log 
VR2 47k rotary, lin. 


Capacitors 
C1,C19, 
C20, C21 
C2,C3,C10 
C12,C13 
C4,C5, 1n polyester 
C5,C11 (4 off) 

C7 3n3 polyester 
C8,C16 4n7 polyester (2 off) 
C9 330p ceramic 

plate 


100 radial elec. 
10V (4 off) 

10n polyester 
(5 off) 


Approx. cost 
Guidance only 





A dual balanced mixer is used, and both 
input signals are suppressed at its output. 
This avoids the need for any complex filter- 
ing at the output of the mixer, and a simple 
passive lowpass filter is all that is needed in 
order to-prevent high frequencies on the 
output (the sum signal) signal from produc- 
ing any problems. An output amplifier pro- 
vides a certain amount of additional vol- 
tage gain, but its main purpose is to provide 
buffering so that a crystal earphone or 
medium impedance headphones can be 
driven from the output of the unit. 


C14 22 radial elec. 
63V 

C15 10 radial elec. 
25V 

C17 2n2 polyester 
d25V 

C18 4u7 radial elec. 
63V 


Semiconductors 
TR1,TR2, BC549npn 
TR3, TR4 silicon (4 off) 
IC1 LF353 dual op. 


amp 
IC2 SL1640C double 

balanced mixer 
IC3 wA741C op. amp 


Miscellaneous 
MIC1 40kHz ultrasonic trans- 
ducer (see text) 
$1 S.p.s.t miniature toggle 
B1 9V (e.g. 6X HP7 size cells 
in holder) 
JK1 3.5mm jack socket 
Printed circuit board, available 
from EE PCB Service, code 
EE647; case, about 
125x190mmx45mm; 8 pin d.i.l. 
i.c. holder (3 off); battery connec- 
tor; control knob (2 off); connect- 
ing wire; pins; solder, etc. 


£30 excl. batteries. 
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CIRCUIT DESCRIPTION 


The full circuit diagram for the Bat 
Detector appears in Fig.2. 

The output from Mic. 1 is fed to the input 
of a high gain common emitter amplifier 
based on transistor TR1. This has its output 
fed to potentiometer VR1 which is con- 
nected as a volume control style variable 
attenuator. 

The output of the amplifier is fed, via the 
wiper of VR1, to the input of the highpass 
filter which is a three stage (18dB per 
octave) active type which has transistor 
TR2 as the buffer amplifier. The cutoff fre- 
quency of this stage is approximately 
30kHz. 

Transistor TR3 is used as the basis of the 
lowpass filter, which is again a three stage 
type. This has a cutoff frequency at about 
100kHz. The second high gain amplifier 
stage is another common emitter amplifier 
(TR4). 


The dual balanced mixer, IC2, is a device 
which is primarily intended for use as an 
s.s.b. (single side-band) modulator/ 
demodulator and other communications 
applications. However, it works equally 
well in its current role, where the only real 
difference is that it is operating with rela- 
tively low input frequencies. 

The SL1640C used in the [C2 position is 
not a particularly cheap device, but it pro- 
vides a high level of performance. It also 
has the advantage of achieving accurate 
balancing without the need for any setting 
up. It requires a six volt supply, and this is 
derived from the main 9V supply via drop- 
per resistor R21 and decoupling capacitor 
Cis. 

The local oscillator signal is generated by 
a standard operational amplifier square/ 
triangular oscillator circuit. [Cla functions 
as the Miller integrator while [C1b pro- 
vides the trigger function. In this case it is 


the triangular waveform (with its relatively 
low harmonic content) that is required. 

The frequency response limitations of 
IC1 seem to round the waveform slightly, 
which gives an even lower harmonic con- 
tent. There is still a significant harmonic 
content on the output signal, but is not 
large enough to prevent the unit from 
working properly. 

Using a high quality sinewave generator 
as the local oscillator seems to give no 
noticeable improvement in performance. 
Potentiometer VR2 is the frequency con- 
trol, and this gives a frequency coverage 
from just over 20kHz to a little under 
100kHz. 

The audio output of [C2 is processed by a 
two stage passive lowpass filter (R22— 
C16—R23—C17) which attenuates any 
high frequency components on the output 
signal (which will primarily be the sum sig- 
nal). IC3 is a simple inverting mode 
amplifier, and this provides a voltage gain 
of about 20dB (ten times). It also provides 
a certain amount of current gain so that 
medium impedance headphones can be 
driven from the output. 

Power is obtained from a 9V battery, and 
the current consumption is about 10 mil- 
liamps or so. For economic operation a 
fairly high capacity battery is required, 
such as six HP7 size cells in a plastic battery 
holder. 


CONSTRUCTION 


The component layout and full size cop- 
per foil master pattern for the Bat Detector 
is shown in Fig.3. This board is available 
from the EE PCB Service, code EE647 (see 
page 000). 

None of the semiconductors are static 
sensitive devices, but the SL1640C used for 


Fig. 2. Complete circuit diagram for the Bat Detector. The battery B1 is made up from six HP7 type cells. 


C2 
10n 


& MIC 1 
40kHz 
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IC2 is sufficiently expensive to warrant a 
socket anyway. In fact it is recommended 
that i.c. sockets be used for all three integ- 
rated circuits. 

Do not overlook the single link wire bet- 
ween transistor TR4 and resistor R25. This 
can be made from 22 s.w.g. tinned copper 
wire, Or a piece of wire trimmed from a 
resistor leadout should suffice. 

Construction of the board is not particu- 
larly difficult, but it does demand that the 
proper miniature components are used. In 
particular, the electrolytic capacitors must 
be radial (vertical mounting) components, 
and the polyester capacitors must be 
printed circuit mounting types having a 
lead spacing of 7.5 millimetres. Other types 
could be very difficult to fit into the layout. 
At this stage only single-sided pins are fit- 
ted to the board at the positions where con- 
nections to off-board components will 
~ eventually be made. 


CASE 


There are a number of plastic boxes that 
are suitable as the housing for this project. 
The prototype model used a low-profile 
case having removable front and rear 
panels. The headphone socket and controls 
being mounted on the front panel, with the 
microphone fitted on the rear panel. 

A 3.5 millimetre jack socket was used for 
JK1, but this can be changed for any type of 
socket that will match the plug on the par- 
ticular earpiece or headphones you will be 
using with the unit. For medium impe- 
dance headphones a 3.5 millimetre stereo 
jack socket will usually be needed. 

Mounting ultrasonic transducers can be 
difficult as there is not usually any built-in 
mounting of any description. It is usually a 
matter of drilling two small holes to accom- 
modate their terminals, and then gluing 
them in position on the front surface of the 
panel. A good quality gap-filling adhesive 
is required, and an epoxy resin type is 
ideal. 

The printed circuit board is mounted on 
the base panel of the case using 6BA 
mounting bolts and spacers, or plastic 
stand-offs. Mount it well towards the front 
of the case so that there is sufficient space 
for the battery at the rear of the unit. 

The board is wired to the off-board com- 
ponents using multi-strand p.v.c. insulated 
connecting wire. Details of this wiring is 
shown in Fig.3. 

With many ultrasonic transducers one 
terminal connects to the component’s case, 
and with a component of this type it is this 
terminal that should connect to the nega- 
tive supply rail. Connection to the battery 
holder is via an ordinary PP3 style battery 
clip. 


IN USE 


Either a crystal earphone or medium 
impedance headphones (the type sold as 
replacements for personal stereo units) can 
be driven from the output of the Bat Detec- 
tor. If headphones are used they should be 
connected in series (ignore the chassis ter- 
minal of the socket and make the connec- 
tions to the other two tags). 

With the unit switched on and the “vol- 
ume” control VR1 well advanced there 
should be a certain amount of background 
“hiss”, but ordinary noises should not be 
picked up and reproduced through the 
headphones. Obviously some ultrasonic 
sounds are needed in order to test the unit, 
and bats are not the only source of these. 
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R14 R13. R26 


Fig. 3. Component layout and full size printed circuit board copper foil 
master pattern. The completed board is shown in the photograph below. 
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Completed unit showing wiring to ultrasonic “sensor” 
(Mic 1). Leave plenty of room for the batteries. 


An ultrasonic remote control transmitter 
will provide a test signal, but there are 
much more simple methods that will suf- 
fice. Simply rubbing your fingers together 
about 300 millimetres in front of the trans- 
ducer should produce a noise sound from 
the headphones. 

Adjustment of the “frequency” control 
VR2 should have some effect on the pitch 
of this noise. Dropping a pin, small needle, 
or very short pieces of wire onto a table-top 
should also produce a signal that can be 
readily detected by the unit. 


BAT WATCH 


With suitable adjustment of VR2 the 
sound from the headphones may well 
sound very similar to the audio frequency 
sound of the pin (or whatever) dropping. A 
little experimentation should soon find 
some other sources of ultrasonic sound. 

When using the detector bear in mind 
that ultrasonic sound waves tend to highly 
directional. The unit will probably be 
insensitive to sounds unless the transducer 
is aimed at the source reasonably accu- 
rately. 

Also bear in mind that the unit covers 


Under the Wildlife and Countryside Act 1981 it is illegal for anyone without a licence to inten- 
tionally kill, injure or handle a bat of any species in Great Britain; to possess a bat, whether alive 
or dead (unless obtained legally); or to disturb a bat when roosting. 

Ringing or marking bats or photographing them (except when in flight outdoors) requires a 
licence from the Nature Conservancy Council. It is also an offence to sell or offer for sale any bat, 


whether alive or dead, without a licence. 


The law does allow you to tend a disabled bat in order to release it when it has recovered, or 
to kill a seriously disabled bat which has no reasonable chance of recovery. 


Habits 

Only very basic information is available 
about bats and until recently their study had 
been confined to a handful of sites where 
local interest had stimulated further investi- 
gations. 

But why do we want to know about bats? 
For a start, there is much in common be- 
tween bats and humans. Both are warm- 
blooded mammals with a high parental care 
for their “children” and also like living 
together with others of their own species. 

Bats are relatively intelligent, with good 
eyesight and hearing, preferring clean dry 
places in which to roost—particularly 
houses. In most cases, it is their liking for 
houses that brings them into contact with 
humans and can cause conflict, even though 
they are completely harmless. 

Bats change their roost sites seasonally 
and are inquisitive creatures, constantly 
investigating potential roosts. It is not under- 
stood why they choose a particular site, but 
temperature seems to play an important 
part. Their summer roosts would have been 
mainly hollow trees, but these are now a 
very rare feature of the countryside. 

As social creatures they tend to gather in 
groups, the size of which varies—about 30 to 
40 Horseshoe Bats to a roof but up to hun- 
dreds if it’s the common Pipistrelle species. 
Whatever their numbers they do no damage, 
they will not gnaw the rafters nor do they 
build nests like birds. 


Senses 

Bats are not blind but have good eyesight 
which is used mostly for navigation. Their 
most highly developed sense is that of hear- 
ing. They use a form of sonar for obstacle 
avoidance and for locating food. High-fre- 
quency sounds are emitted which enable 
bats to “see” or discriminate fine detail even 
in complete darkness, but their range is 
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limited to a few metres. This is why bats 
have a twisting turning flight as they only 
notice insects or obstacles when close to 
them. 

Unlike most other mammals, bats do not 
have a steady body temperature. In flight, 
their body temperature of 42°C and pulse 
rate of 1000 per minute are much higher than 
man’s 37°C and 75 per minute. After landing, 
their temperature rapidly falls 10 degrees for 
digestion and later falls to the surrounding 
temperature, helping to conserve energy. 


Feeding 

British bats all feed on insects caught in 
flight or picked off water, the ground or 
foliage. During summer, they consume vast 
numbers, many of which are crop pests. One 
pipistrelle may eat up to 3,500 insects each 
night. 

Because few insects are available in 
winter, bats put on about one third extra 
weight during autumn and then hibernate 
from October to April. Body temperatures 
approximate their surroundings, which may 
be down to zero. 

In very cold weather, they may be seen 
moving to alternative hiberation sites with a 
more suitable temperature. Bats should 
never be disturbed during hibernation as if 
this happens they use up vital energy 
reserves and may die. 











Layout of front panel controls. 


less than the full ultrasonic range at any one 
setting of VR2. Some adjustment of this 
control may be needed before an ultrasonic 
sound will give an audible output from the 
unit. 

Avoid using the unit very near television 
sets, computer monitors, or other 
apparatus that generates electrical signals 
in the ultrasonic range. If the unit is used 
very close to equipment of this type it is 
almost inevitable that it will pick up a cer- 
tain amount of interference from them. 

O 


Pipistrelle > 
40-50kHz 
Location: 
Throughout 
Gt Britain & Ireland 


Habitat: 
Buildings—Trees 





< Brown Long-eared 
35-60kHz 
Location: 
Throughout 
Gt. Britain & Ireland 


Habitat: 
Buildings—Trees 


Serotine > 


20-60kHz 
Location: 
S. Britain 


Habitat: 
Buildings 





< Greater/Lesser 
Horseshoe 
80-110kHz 
Location: 
S/W England, 
Wales, North to 
Yorkshire 


Habitat: 
Buildings—Caves 





FOR FURTHER INFORMATION CONTACT: 
Nature Conservancy Council, 

Northminster House, Peterborough, PE1 1UA. 
Tel: 0733 40345 


or your local bat group 


Fauna and Flora Preservation Society, 
c/o Zoological Society of London, Regent's Park, 
London NW1 4RY. Tel: 01-387-9670 


Mammal Society, Baltic Exchange Buildings, 


21 Bury Street, London EC3A 5AU. 
Tel: 01-283-1266 
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YOUR CHANCE 
TO WIN... 








Once again, you'll need all your 
wits about you to identify the six 
items we've picked from _ the 
catalogue, and a Lodestar audio 
signal generator worth more than 
£180.00 is waiting for the sender 
of the first all-correct entry drawn 
in this season’s competition. 

Second and third prizes are 
top-of-the range multimeters 
from Cirkit’s outstanding new 
range, offering frequency and 
Capacitance measurement and 
transistor test, and valued at 
£55.00 each. 

Fourth and fifth prize-winners 
will receive recently published 
books to the value of £30.00. 


Cirkit Distribution Ltd 
Park Lane 

Broxbourne 

Herts 

EN10 7NQ 

Telephone (0992) 444111 


Fax (0992) 669021 
Also at 


53 Burrfields Road 
Portsmouth 

Hants 

PO3 5EB 

Telephone (0705) 669021 
Fax (0705) 695485 
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Cirkit news 











NEW 
CATALOGUE 
OUT 25th MAY 


Over 3,000 product lines feature in the Summer 
1989 edition of the Cirkit Constructors’ 
Catalogue, available from most larger 
newsagents or direct from the company priced 
at £1.50. The latest books, an RF frequency 
meter, two new PSU designs and a 3.5MHz converter are among the innovative 
new kits this issue, while our construction project - a 2 Watt stereo amplifier - is 
bound to prove an absorbing activity for dedicated constructors. In the test 
equipment section there’s a whole new range of multimeters, a bench DVM and a 
triple output PSU. 

For eagle-eyed readers who enjoy a challenge of a different sort, there is the 
opportunity of winning an audio signal generator worth more than £180.00 In the 
latest fiendish competition. All prices now include VAT for quicker, easier 
ordering; and Cirkit's same-day despatch of all orders, combined with 
value-for-money discount vouchers, makes the line-up even more attractive. 


D-MM GOOD VALUE! 





Cormponer is = wr 








FEATURE PROJECT: 
2W STEREO AMP 


Our construction project this 
issue is for a straightforward but 
very effective 2 Watt stereo 
amplifier. Based on the LM1877, 
it is the perfect amplifier for a 
‘Walkman’ cassette deck and 
equally suitable for AM/FM radios 
or mixer desks. Featuring 2W per 
channel and 75dB_ channel 
separation, it operates from a 
10-26 volt supply, making it ideal 
for in-car applications. The 





catalogue includes full details of 
this economical kit. 


Cirkit’s six new digital multimeters are 


packed with sophisticated extra 
facilities: capacitance measurement, 
frequency measurement up to 20MHz, 
temperature reading, transistor test and 
logic test in addition to the usual volts, 
current (DC and AC) and resistance 
measurement - and all unbeatable 
value with prices ranging from £20.00 
to £55.00! 


(ADVERTISEMENT) 
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Constructional Project 


CAPACITOR 


TESTER 


T. R. de VAUX-BALBIRNIE = 





Check-out those spare capacitors 
with this low-cost instrument 


circuits. The value is_ usually 
marked on the body with either a type of 
colour code or expressed in alphanumeric 
form, for example, 223K—the value of this 
capacitor will be explained at the end of the 
article. The markings are not always clear, 
however, and to make matters worse diffe- 
rent manufacturers appear to use their own 
variations in expressing the value. 

Since a multitester cannot be used to 
check capacitors, there is a need for an 
amateur instrument which can perform this 
function. Such meters that are available are 
expensive—typically around £40. The 
Capacitor Tester described here is less 
accurate than these but is more than 
adequate for amateur electronics work and 
may be constructed for a fraction of the 
cost. 


APICTORS are very common compo- 
nents and appear in most electronic 


TEST 


itr = 1 Ces 


ie 





The device operates from a small inter- 
nal battery and, in occasional use, the life 
of this will be very long. The standby cur- 
rent requirement is 15mA approximately. 


OPERATION 


In use, the capacitor under test is con- 
nected to a pair of terminals (TB1 and 
TB2) on the side of the instrument. The 
unit is switched on and the range selected 
by means of a rotary switch. One of a row 
of green |.e.d.’s lights to indicate the cho- 
sen range. 

A “push-to-test” button is now operated 
and a red l.e.d. flashes at the rate of about 
three per second then goes off. This flash 
rate may be adjusted, within limits, to suit 
the user. 

The number of flashes gives the value of 
the capacitor taking account of the range. 


CM 














Thus, with the range switch set to “10n”, 
five flashes will indicate a value of 50nF. 
The ranges provided by the prototype unit 
are: 10nF; 100nF; 1pF; 10uF; 100uF; and 
1000uF. When the value of a capacitor is 
completely unknown, the range is quickly 
found by trial and error. 


CIRCUIT DESCRIPTION 


The complete circuit diagram for the 
Capacitor Tester is shown in Fig. 1. IClisa 
CMOS operational amplifier and, as such, 
has an exceptionally high input resis- 
tance—one million megohms approxi- 
mately. The importance of this point will 
be explained later. The capacitor under 
test (C1) is connected to the input termi- 
nals TBl and TB2. The purpose of 
capacitor C2 will also be explained later. 

Assume that switch $2 (TEST) is in its 
relaxed (unpressed) state and that switch 
S3 (ON-OFF) is on. If capacitor C1 is 
charged for any reason, for example from a 
previous test, it will rapidly discharge 
through the normally-closed (n.c.) con- 
tacts of switch S2 and series resistor, R8. 
Resistor R8 is included to prevent large dis- 
charge currents which could damage S2 
contacts especially where large-value 
capacitors were involved. 

If switch S2 is now pressed (test position) 
capacitor Cl charges from the supply 
through one of the range resistors R2 to 
R7, as determined by the setting of rotary 
switch Sib (RANGE), and S2 normally- 
open (n.o.) contacts. The voltage across 
capacitor Cl therefore rises from zero 
towards the battery voltage. IC1 inverting 
input pin two, receives this voltage. Mean- 
while, IC1 non-inverting input, pin three, 
receives a fixed voltage whose value is 
determined by the setting of preset poten- 
tiometer VR1 connected across the supply. 
While the voltage applied to the inverting 
input remains lower than applied to the 
non-inverting one, the op-amp will be on 
with its output, pin six, high (positive sup- 
ply voltage). This will be the case when S2 
is first pressed. 


ASTABLE 


As the voltage across capacitor Cl, 
hence at IC1 pin two rises, a time will come 
when the voltage at the non-inverting input 
is exceeded and IC1 switches off with pin 
six going low (negative supply voltage). 
The high or low voltage state of IC1 pin six 
is applied direct to [C2 reset input, pin 
four. IC2 and associated components are 
connected as an astable multivibrator and, 
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Fig. 1. Circuit diagram of the Capacitance Tester. 


while pin four is high this delivers square- 
wave pulses at its output (pin 3). 

The rate at which pulses are produced is 
determined by R9, VR2 and C3. With the 
values specified this will be approximately 
three per second and adjustable within 
limits using preset VR2. Thus the l.e.d. 
connected to IC2 output, pin three, via cur- 
rent-limiting resistor, R10, will flash at this 
rate. When pin four is low, IC2 is inhibited 
and produces no pulses. 

At the start of the test, l.e.d. D7 will 
flash but after a time dependent on the val- 
ues of C1, R2 to R7 and VR1 the flashes 
will stop. With presets VR1 and VR2 cor- 
rectly adjusted at the end of construction 
and with the values of R2 to R7 being accu- 
rately known (since they are close-toler- 
ance components) the number of flashes is 
determined by C1 alone. 

The capacitor C2 is a close-tolerance 
type which provides an accurately known 
reference value. This is connected to the 
terminals to enable accurate setting of 
potentiometer VR1 at the end of construc- 
tion. 

With switch §2 in its relaxed state, IC1 
pin two is kept high through R2—R7 so the 
op.-amp will be off. This inhibits IC2 and 
D7 does not flash. The instant S2 is pres- 
sed, IC1 pin two goes low and flashes are 
delivered in the manner already described. 


RANGE INDICATION 


Switch S1 is a two-pole six-position -rot- 
ary switch. S1b selects the range resistor as 
mentioned earlier. S1a operates one of six 
green l.e.d’s, D1 to D6 confirming the 
selected range—these could be omitted 
and the range marked around S1 control 
knob if desired. However, in such a case it 
would be wise to use an I.e.d. indicator to 
remind the user that the unit was switched 
on. 

For the small cost involved, the green 
l.e.d.’s_ seemed worthwhile and were 
included in the prototype unit. Note that 
these share a common current-limiting 
resistor, R1. This is possible since only one 
l.e.d. is illuminated at a time. 
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For greatest accuracy, resistors R2 to R7 
should be of the close-tolerance (one or 
two per cent) variety specified in the com- 
ponents list. Note that resistor R2 (100M) 
has an unusually high value and, as such, 
may not be readily available. Some high- 
value components are sold as “high vol- 
tage” resistors having a tolerance of five 
per cent—it would be acceptable to use 
these. 

However, in the prototype unit, resistor 
R2 was constructed by connecting 10 off 
10M resistors in series (see Fig. 3). Accu- 
racy is then limited chiefly by the fact that 
the value can only be expressed to the 
nearest flash below the voltage needed for 
IC2 to switch off. Accuracy is therefore less 
with small numbers of flashes. On the other 
hand, it improves with large numbers of 
pulses but counting them becomes tedious! 

Accuracy is maintained even with an 
ageing battery since IC1 is used in com- 
parator mode. The relative voltage levels at 
pins two and three do not depend on the 
battery voltage so will always occur at the 
same time. Eventually, however, the bat- 
tery will reach such a poor state of charge 
that it will fail to operate the l.e.d’s effec- 
tively and it will be obvious when battery 
replacement is due. 

The high input resistance of IC1 is 
important since, otherwise, appreciable 
current would flow into the i.c. with less 
current available to charge the capacitor 
“under test”. This would lead to consider- 
able inaccuracy especially with small value 
capacitors. 


CONSTRUCTION 

Construction is based on a main circuit 
panel made from 0.1in. matrix stripboard 
size 30 holes <9 strips. The component lay- 
out and underside details are shown in Fig. 
2. Cut this to size, drill the two fixing holes 
and make all track breaks and inter-strip 
links as indicated. 

Solder all on-board components into 
position but do not insert the i.c’s in their 
holders until the end of construction. Note 
that C2 (calibration capacitor) is not sol- 
dered into the circuit—it is not used until 
the end of construction. 


COMPONENTS 


see page 398 












Resistors 
R1,R10 330 (2 off) 
R2,R3 10M(11 off—see text) 
R4 1M 











R5 100k 
R6 10k 
R7 1k 
R8 47 
R9 2k2 






All 0.25W or 0.4W + 1%, except 
R1, R8 and R10 may be 0.25W 
+ 5% 










Potentiometers 
VR1 1M sub-min. vertical 
preset | 
VR2 4M7 sub-min. 
horizontal preset 











Capacitors 
C2,C3 100nF polyester, 5% 











Semiconductors 
D1 to D65mm green l.e.d’s 
(6 off) 
D7 5mm red |.e.d. 
IC1 ICL7611 CMOS 
Op-amp. 
IC2 ICM7555 CMOS 
555 timer 













Miscellaneous 







$1 2-pole 6-way rotary 
switch 
$2 Push-button switch 






with single-pole 
change-over contacts 
$3 Miniature s.p.s.t. 
toggle switch 
Stripboard, 0.1in matrix size 30 
holes x9 strips; 8-pin d.i.l. sockets 
(2 off); B1, PP3 battery and con- 
nector; TB1, TB2 4mm terminal 
posts (black and red); plastic box, 
size = 115mmx95mmx43.5mm 
internal; single strand wire; 
standed connecting wire; adhe- 
sive fixing pad; self-adhesive 
plastic feet (4 off); solder etc. 


£14 


After a careful check for errors—par- 
ticularly for accidental “bridging” of adja- 
cent copper tracks, solder 15cm pieces of 
light-duty stranded connecting wire to 
strips A, C, D, G, H and I along the left- 
hand side of the circuit panel. Use of “rain- 
bow” ribbon cable here will keep the wiring 
neat and prevent errors. Set VR1 and VR2 
sliding contacts to approximately mid- 
track position. 

Prepare “resistor”? R2 (100m) by con- 
necting 10 off 10M resistors in series (see 
Fig. 3) unless a single component of this 
value is available. Solder R2 to R7 to rotary 
switch S1 contacts as indicated in Fig. 3. 

Drill holes in the lid of the case for the 
switches and |.e.d’s. Drill two holes in one 
of the case sides, for the terminals TB1 and 
TB2, and in the base for the circuit board. 
Attach all remaining components and com- 
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plete the internal wiring paying attention to 
the polarities of all l.e.d’s. The l.e.d’s 
should be a tight push fit in the holes and 
secured, if necessary, with a dab of quick- 
setting epoxy resin adhesive. 

Again, it is a good idea to use ribbon 
cable between switch S1 connections and 
the green l.e.d’s. Note the link wire bet- 
ween S1a and S1b moving contacts and the 


370 


CIRCUIT 
PANEL 


fl. p 





common (k) connection at D1 to D6. 

When wiring the terminals, note that 
TB1 is coloured RED and connected to 
strip D on the circuit board. TB2 is 
BLACK and connected to switch $2 mov- 
ing contact. . 

Remove the i.c’s from their special pro- 
tective packing and, without touching the 
pins, insert them into their sockets with the 


correct orientation. Care must be taken in 
handling the i.c’s since they are CMOS 
devices and can be damaged by static 
charge which may exist on the body. 
Attach the circuit board to the base of 
the box using the holes drilled for the pur- 
pose, small fixings and short stand-off 
insulators. Connect the battery and secure 
it to the base of the unit using an adhesive 
fixing pad. Fit a control knob to switch S1 
and self-adhesive plastic feet to the base of 
the case to prevent scratching of the work 
surface by the protruding bolt heads. 


TESTING 
AND CALIBRATION 


For the initial test, bridge the terminals 
TB1 and TB2 with a short piece of connect- 
ing wire. Check operation of the green 
(RANGE) l.e.d’s, D1 to D6, by switching 
on $3 and rotating switch S1 through all its 
positions. Each l.e.d. should light in the 
correct sequence with D7 remaining off. 

Press S2 and, keeping it pressed, check 
that D7 flashes. Adjust preset VR2 to 
obtain three flashes per second (clockwise 
adjustment increases the number). It is 
possible to choose a slightly different rate 
to suit the user. Note that if any l.e.d. fails 
to light it is probably because it has been 
connected the wrong way round. 

Now transfer attention to adjustment of 
the preset VR1. Set the range switch S1 to 
“10n”. Remove the wire bridging the ter- 
minals (TB1 and TB2) and connect the 
“calibration capacitor” C2 in its place. 
Press S2 and, keeping it pressed, adjust 
VR1 until exactly 10 flashes are given— 
clockwise adjustment decreases the 
number. 

The procedure should be repeated until 
a consistent result is obtained. Note that 
there may be some slight eccentricity in the 
last flash—this is of no consequence. The 
instrument should now give accurate 
results for any capacitor connected to the 
“test” terminals. 

An occasional calibration check may be 
made but the prototype unit was found to 
maintain its accuracy over a long period of 
time. It would be wise to tape the calibra- 
tion capacitor inside the case so that it can- 
not become lost. 

It may be necessary to make two short 
test leads each with a small crocodile clip at 
one end. These will be used to make con- 
nections to very small capacitors and those 
with rigid end wires. 

It now only remains to label the switches 
and |.e.d’s and to put the unit into service. 
Note that the terminals are polarised—red 
for positive, black for negative and it is 
important to observe this when measuring 
the value of an electrolytic capacitor. The 
body of such a capacitor is clearly marked 
with the polarity—the end connected to the 
metal body being the negative. Note that 
its voltage rating should not be /ess than 
OV. 


CAPACITOR VALUE 


The value of the capacitor mentioned at 
the beginning of the article is 22,000 pF 
(22nF or 0.022uF) with a tolerance of +10 
per cent. This is arrived at in the following 
way. 

The first two digits give the first two 
numbers of the value—in this case, 22. The 
third digit gives the number of zeros to 
express the value in picofarads. Suffix let- 
ter K means that the tolerance of this 
capacitor is +10 per cent. O 


Everyday Electronics, June 1989 





FOR YOUR 








ENTERTAINMENT 


BY BARRY FOX 





Air Entertainment 

If you are one of the lucky few who fly 
first class because your air tickets are 
paid for by someone else’s tax deduc- 
tions, you will notice some interesting 
changes. The rest of us must content 
ourselves with an interest in the 
technology. 

First class passengers on four of 
British Airways Boeing 747s will spend 
the next six months helping BA choose 
between two rival inflight entertain- 
ment technologies. Both give passen- 
gers the opportunity to choose what 
films they watch, and when. 

One of the systems on trial takes 
advantage of a failed venture by Kodak. 
Although this lowers the capital cost, 
airlines will still need to spend several 
thousand pounds to equip each seat. In 
the end passengers will pay for their 
freedom to choose in higher fares. 

Currently airlines show films either 
on a large projection screen or indi- 
vidual liquid crystal displays (l.e.d.) on 
the seat backs. Passengers all have to 
watch the same film and at the same 
time, chosen by the airline. The two new 
systems give passengers the chance to 
choose their own films and watch them 
whenever they like. 

Each seat has its own l|.c.d. screen and 
video tape cassette player built into the 
arm rest. After take-off, the cabin crew 
offer passengers a choice of 50 films on 
video cassette. They then plug in, 
switch on and watch when they want. 
The 8mm video format is used instead 
of VHS because it offers at least two 
hours playing time from a video cas- 
sette no larger than an audio cassette. 

Both systems rely on technology 
from Japan. One, designed by Avicom, 
a subsidiary of the Lockheed Corpora- 
tion, uses an 11cm lI.c.d. made by NEC 
and a video player from Sanyo. 

The other, called Skyview, is 
designed by British company Fieldtech 
and uses a 10cm I.c.d. made by Toshiba. 
Fieldtech hit on the clever idea of buy- 
ing its 8mm video players from Kodak. 
Four years ago Kodak spent heavily on 
trying to break into the video market, by 
badging 8mm equipment made under 
contract by Matsushita of Japan. The 
venture flopped and Kodak was left with 
unsold stock, some of which is now 
used for Skyview. Fieldtech says it will 
ask Matsushita to start production 
again if it wins the BA contract. So the 
price is likely to be higher than for the 
unsold stock. 

Both companies are cagey about 
price, because they are in competitive 
tender. But Skyview admits that even 
with bulk orders it will still need to 
charge the airlines around £2,500 per 
seat. So passengers will have to pay 
dearly for the privilege of making their 
own choice of film. 

Both systems use equipment of 
Japanese/US NTSC TV format. So any 
passengers tempted to steal tapes will 
find they do not play on European PAL 
TV equipment. 
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Skyphone 

Meanwhile, after three years of tests, 
passengers on some flights between 
London and New York can now make a 
telephone call to their home or office. 
The service, called Skyphone, is a joint 
venture between Racal, British Airways 
and British Telecom. 

Racal developed the airborne credit 
card phones and the aerials which 
bounce signals off an /nmarsat satellite 
to BT’s Goonhilly earth station in 
Cornwall. BT’s research laboratory at 
Martlesham developed the equipment 
which converts analogue speech into 
digital code which streams_ slow 
enough for the small airborne aerials to 
handle. 

Despite publicity for commercial 
launch of the service, British Airways is 
playing very safe. So far BA has equip- 
ped only one Boeing 747 aircraft with 
four phones in First and Club class 
cabins. The hardware, worth nearly half 
a million dollars, is on loan from Racal. 
BA earns nearly $3 a minute from every 
call made. 

Currently pilots communicate with 
control centres on the ground by con- 
ventional h.f. and v.h.f. radio links 
which travel direct along line of sight 
from ground to air. Existing airline 
phone systems, as used in the US, work 
in a similar way and have limited range. 
Speech quality is often very poor. 


Technicalities 

There is no room on an aircraft for the 
large dish aerials normally needed to 
communicate with a low power satel- 
lite. Skyphone gets round the problem 
by using two different sets of frequen- 
cies for different legs of the journey and 
converting speech into low speed digi- 
tal code. 


The plane transmits and receives sig- 
nals to and from the satellite in the 
L-band, at around 1.5GHz, while 
Goonhilly transmits and receives sig- 
nals to and from the same satellite in the 
C band at 4GHz and 6GHz. Although C 
band needs high power and a direc- 
tional aerial dish many metres wide, L 
band can be made to work with a small 
blade aerial on top of the fuselage 
which is omnidirectional. The trick is to 
convert the speech into digital code 
which runs very slowly and _ thus 


occupies only a narrow frequency 


bandwidth with low risk of errors. 
Skyphone speech is converted into a 
data stream running at only 9.6 kilobit/ 
second. By comparision, conventional 
terrestrial digital telephone systems 
rely on a data rate of 64 kbit/second. 
The Skyphone data stream is com- 
pressed by analysing the speech before 


coding, ignoring gaps when there is no 


energy content, and re-structuring the 
speech at the other end of the link. Effi- 
ciency is improved by dividing the 
speech into several separate frequency 
bands and handling each band sepa- 
rately. 

Initially the system will bounce sig- 
nals only off the /nmarsat satellite over 
the Atlantic Ocean, but later satellites 
over the Indian and Pacific Oceans will 
be used to give worldwide coverage. 

So far calls must be manually patched 
into the telephone network by an 
operator at Goonhilly. International 
trunk dialling is promised for later this 
year with fax transmission next year. 

BA plans to fit four more phones in a 
second 747 in March ‘90. Capital cost, 
borne by Racal, is around $500,000 per 
plane. BT and Inmarsat are charging BA 
a flat rate of $6.70, from anywhere to 
anywhere. BA hikes this to $9.50 from 
anywhere to anywhere. The cost to BA, 
other than fitting, is $4,000 a year in fuel 
to carry the extra weight and compen- 
sate for aerodynamic drag from the 
aerial. 

Passengers who regard a long haul 


flight as a way of escaping the ‘phone 


will be relieved to hear that the system 
does not allow incoming calls. Yet! 


MER evo OnAry? 2 EERE 


Sir Clive Sinclair has always had a talent for creating publicity. Every product launch 
is preceded by tantalising information leaks, calculated to stir up interest. As often as 
not the product does not live up to the interest. The C5 electric ‘‘car’”’, for instance, was 
a joke—a pedal trike with ordinary car battery back-up. But the lap top computer was 
a far more serious product, despite its odd keyboard. More recently we have been get- 
ting leaks about a “revolutionary” new satellite aerial for receiving programmes like 
Sky from Astra. It was finally unveiled at the third annual cable and satellite show 
which ran for four days at Olympia in March. 

Sir Clive, of course, cannot use his own name—he sold it to Amstrad—so the new 
Sinclair flat aerial for Astra is called the Cambridge, after Sir Clive’s computer com- 
pany Cambridge Computers. The call it ‘radically different” as well as “revolutio- 


nary’. 


It turns out to be a big white plastic box that clamps to the wall or roof. Significantly 
all the models on display were sealed and opaque. What mysteries lie inside? Nothing 
more than a conventional 60cm dish and front-mounted LNB, all packaged in a flat 
white plastic box, inevitably larger than a conventional dish. 

The only novelty is that the curve of the dish is made to focus incoming signals on a 
point quite close to the dish surface, near the bottom edge. So the microwave feed horn 
and LNB can be mounted low and close—otherwise the box would be enormous. Other 


than that, it’s just packaging. 


According to Sir Clive Sinclair it is “much more elegant” and weather-proof. Some 
will argue that it is simply more obtrusive than a bare dish, and question whether there 
is any real weather-proofing problem on existing dishes anyway. “Museum piece 
—master piece” is the Sinclair slogan which adorns a picture of conventional and 


covered dish. 


There is talk of a smaller, flatter version. Just as there was talk of a more efficient C5! 
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Part 9 Transformers, Induction and Inductance 
By Michael J. Cockcroft 


Training Manager, Peterborough ITeC 


E focus, this month, on the 
WY irs: objective in section 
4.4 of the City and Guilds 
log book: 
4.4 Transformers 
4.4.1 State, in very simple terms, 
the action of a transformer. 





Transformers 

A variety of transformers are 
shown in Fig. 9.1. Atransformer is a 
device for converting a.c. voltage 
(from the mains, for example) into a 
higher or lower value. The mains 
transformer inside a bench power 


TORIDAL VARIABLE 


ISOLATING 
PCB MOUNTING 


y 


supply, for example, steps down 
the 240V mains to five or six volts 
for supplying low voltage elec- 
tronic circuits. A transformer, like 
this, which reduces the amount of 
voltage in a circuit is called a step- 
down transformer. One that is used 
to increase the voltage in a circuit is 
called a step-up transformer; an 
example of which is the high vol- 
tage transformer that produces 
several thousand volts for driving 
the tube inside a television set. 
Transformers work on the prin- 
ciple of induction and so, before ex- 


PULSE LOW VOLTAGE 


SUB-MINIATURE 
MINIATURE i 


ENCAPSULATED 





Fig. 9.1. Various transformers. 
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plaining transformer action, we 
need to expand on our previous 
treatment, in Part 6, of the princi- 
ples of magnetism and _ elec- 
tromagnetic induction. 


Magnetism 

In ancient times the Greeks disco- 
vered that certain specimens of 
stone found in the ground (called 
natural magnets or lodestones) 
attracted small particles of iron ore. 
The Chinese, in later years, learned 
that the same stone when freely 
suspended always came to rest 
pointing in a North-South direction. 

The end of the magnet that, when 
freely suspended (as shown in Fig. 
9.2), points to the earth’s north 
magnetic pole is termed the “‘north- 
seeking pole” or the “north pole” of 
the magnet; the opposite end is the 
“south-seeking pole” or the ‘‘south 
pole” of the magnet. 

Natural magnets (lodestones) are 
magneticlly weak but their proper- 
ties can be imparted artificially to 
iron and steel to produce much 
stronger permanent magnets and 
electromagnets. You will recall 
from Part 6 that permanent mag- 
nets retain their magnetic proper- 
ties for a long period of time under 
normal conditions, and_ elec- 
tromagnets lose their magnetic 
properties once the magnetising 
influence (the current) is removed. 


The magnetic field 


lf, as shown in Fig. 9.3, the north 
pole of one suspended magnet is 
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MAGNET 


WATER 
CONTAINER 


Fig. 9.2. Asuspended magnet seeks 
the earth’s magnetic poles. 


LIKE POLES 
REPEL 


UNLIKE POLES 
ATTRACT 


Fig. 9.3. Like poles repel, unlike 
poles attract. 





Fig. 9.4. Lines of magnetic field. 


brought near the north pole of 
another suspended magnet, the 
two poles repel each other; if, on 
the other hand, the opposite poles 
of two suspended magnets are 
brought near to each other, the two 
poles are attracted: 

Like poles repel and unlike poles 

attract. 
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Fig. 9.5. Using iron filings to “‘see”’ the lines of force. 


The induced energy in the space 
around a magnet is called the 
magnetic field. Magnetic fields are 
shown in diagrams as lines of force 
running parallel to each other out of 
one pole, through the magnet, and 
into the other pole; Fig. 9.4 illus- 
trates this idea using a bar magnet 
and a horseshoe magnet as exam- 
ples. 

These lines are invisible but they 
can easily be detected. Magnetic 
lines of force can be seen by per- 
forming a simple experiment using 
a permanent magnet, a sheet of 
glass or acrylic (Perspex), and some 
iron filings. Lay the transparent 
sheet over the magnet, as shown in 
Fig. 9.5, and sprinkle a thin layer of 
iron filings onto its surface. You 
may need to raise the sheet a little 
above the magnet (or just tap it a 
few times) but the iron filings 
should form a definite pattern dis- 
playing the lines of force, as shown 
in the figure. 

The direction of the magnetic 
field is shown by the arrows in the 
previous figure (Fig. 9.4). This is the 
direction that a compass needle 
would point if placed in the field: 
from north to south in the space 
outside the magnet and in the 
opposite direction (from south to 
north) inside the magnet. 


Magnetic Flux Density 

The total number of lines of force 
per unit area surrounding the mag- 
net determines the strength, or flux 
density, of the magnet. The practi- 
cal unit of magnetic flux density is 
the tesla which corresponds to 104 
lines per square centimeter. 


The Magnetic Circuit 

The closed loop formed by the 
lines of flux is referred to as a 
magnetic circuit. It is interesting to 
compare electric and magnetic cir- 
cuits in order to illustrate the 
similarities. We know from pre- 





vious work that electromotive force 
causes current to flow in an electric 
circuit, and resistance acts to limit 
the flow of current. In a magnetic 
circuit the energy that creates the 
flux lines is magnetomotive force 
and the opposition that some mate- 
rials offer to lines of magnetic flux is 
called reluctance. 

Table 9.1 shows that flux lines in 
a magnetic circuit is equivalent to 
current in an electric curcuit, mag- 
netomotive force (m.m.f.) is equiva- 
lent to electromotive force (e.m.f.), 
reluctance is equivalent to resis- 
tance, and magnetic materials (e.g. 
iron and steel) are equivalent to 
conductors of electricity. 

A magnetic circuit is given in Fig. 
9.6. The lines of flux are created by 
an electromagnet (an iron core 
placed inside a solenoid connected 
across a voltage source—see Part 


TABLE 9.1 


How electric and magnetic circuits 


compare 


Electric circuit 
e.m.f. 
resistance 
current 
conductors 


Magnetic circuit 
m.m.f. 
reluctance 
lines of flux 
iron and steel 


LINES OF 
FLUX 


Fig. 9.6. A magnetic circuit. 
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MAGNETIC CIRCUIT 


MAGNE TOMOTIVE FORCE 


FLUX= 
RELUCTANCE 


IRON LOOP 


*GAP(HAS RELUCTANCE) 


LINES OF FLUX 


ELECTRIC CIRCUIT 


CURRENT = ELECTROMOTIVE FORCE 


RESISTANCE 


T CURRENT 
} 
=e 


COMPONENT 
(HAS RESISTANCE }) 


Fig. 9.7. Comparison of a magnetic 
circuit (a) and an electric circuit (b). 


6.) and limited by the reluctance of 
the air in the gap between the two 
ends of the iron core. The magnetic 
circuit is therefore partly in the iron 
and partly in the air between the 
twoendsoftheiron. . . ; ‘3 

A simple magnetic circuit and an 
expression for evaluating the 
amount of flux within it is shown in 
Fig. 9.7a; for comparision, Fig. 9.7b 
shows an electric circuit with an 
equivalent Ohm’s law expression 
for evaluating the current. 


a és 


Electromegnetic 
Induction 

Passing a current through a 
straight conductor creates a 


magnetic field around it, as shown 
in Fig. 9.8. The lines of flux are at 
right angles to the conductor and 
spaced uniformly a fixed distance 
away from each other. The magne- 
tic field can be made stronger by 
coiling the conductor to form a 
‘solenoid so that the lines of flux are 
physically brought closer together 
and concentrated (this was illus- 


CONDUCTOR 
LINES OF FLUX 


CURRENT —*_¢ 


Fig. 9.8. Passing current through a 
conductor creates a magnetic field 
around it. 


374 








BAR MAGNET 


CURRENT DOES NOT FLOW 


» (Mez01s), 3 he 





Fig. 9.10. The lines of flux must cut 
across the conductor to induce an 
e.m.f. 


trated in Fig. 6.17 of the March 
issue—we will not reiterate here). 

When a bar magnet is moved 
back and forth in a solenoid, as 
depicted in Fig. 9.9, an e.m.f. is 
inducted by the magnet; we call 
this electromagnetic induction. 
Experimentation with — electro- 
magnetic induction, during the last 
century, by an English physicist cal- 
led Michael Faraday revealed the 
following points: 

(a) An e.m.f. is induced in the 
conductor only when there is 
relative motion between the 
magnet and the coil. 

(b) The greater relative motion, 
the greater is the magnitude 
of the induced e.m.f. 

(c) The stronger the magnetic 

field around the bar magnet, 
the greater will be the induced 
e.m.f. for the same relative 
motion between the magnet 
and the coil. 
The conductor must cut 
across (the conductor or the 
field or both can be in motion) 
lines from flux before an 
e.m.f. is induced in the con- 
ductor. If the lines of flux are 
parallel with the turns in the 
coil, as shown in Fig. 9.10, the 
conductor is not “cutting 
across” the flux lines. 


(d) 


CONDUCTOR 


MAGNETIC 
FIELD 


. 


CONDUCTOR “CUTTING ACROSS 
MAGNETIC FIELD 





Fig. 9.11. The induced e.m.f. tends 
to oppose the movement generat- 
ing it. 


So, from the foregoing, we know 
that if a length of conductor is pas- 
sed through a magnetic field, as 
shown in Fig. 9.11, an e.m.f. will be 
induced in the conductor (notice . 
that the conductor is at right angles: 
to the lines of flux and, therefore, 
cutting across them). The impor- 
tant point to grasp now about this 
action is that the lines of flux gener- 
ated by the induced e.m.f. will tend 
to oppose the motion producing it; 
for example, if the conductor is 
moving from left to right, as in Fig. 
9.11, the e.m.f. is directed towards 
the right in an attempt to move the 
conductor to the left. Since induced 
e.m.f. opposes its very cause, 
induced e.m.f. is often called back 
e.m.f. 


Inductance 

An e.m.f. is induced in any con- 
ductor if the current flowing 
through it changes in any way and, 
at the same time, this induced 
e.m.f. will oppose the change in the 
value of current. Any circuit with 
varying (increasing or decreasing) 
current therefore possesses this 
property and is called self-induc- 
tance (symbol L). 


Inductors 

All conductors have a value of 
inductance; conductors formed 
into coils to increase the inductance 
to specific values are called induc- 
tors. Inductors are not really off- 
the-shelf components like most 
electronic components, they are 
usually formed by coil winding 
companies to order. Afew common 
values are available from compo- 
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Fig. 9.12. A few types of inductor. 


nent suppliers and often look like 
those in Fig. 9.12. The inductor cir- 
cuit symbol is also shown in the 
digram. 

The unit of inductance is the 
henry (symbol H). Typical inductors 
have values ranging from a few 
micro-henrys to many henrys. The 
unductance value of inductors 
determines the amount of back 
e.m.f. induced for the change of 
current with respect to time: 
Self-inductance= 


back e.m.f. 


rate of change of current 


An inductor (or circuit) has an 
inductance of one henry if a current 
in it, changing at the rate of one 
ampere per second, induces an 
e.m.f. of one volt across it. 


Inductance of Inductors 

A number of factors influence the 
inductance value of an inductor. 
The inductance of a coil is deter- 
mined by: 

(a) The number of turns in the 

coil. 

(b) The material around which 

the coil is formed (the core). 

(c) The diameter of the coil. 

The inductance of a coil is propor- 
tional to the square of the number 
of turns in the coil: twice the turns 
gives four times the inductance, 
three times the turns gives nine 
times the inductance... and soon 
(see Fig. 9.13). The magnetic per- 





Fig. 9.14. Inductors in series. 





Fig. 9.15. Inductors in parallel. 


meability (the amount of magnetic 
flux it produces with a given cur- 
rent) of the core around which the 
coil is formed affects its induc- 
tance; as shown in Fig. 9.13c, diffe- 
rent core materials inside the same 
coil change the inductance value. 
Finally, as shown in Fig. 9.13b, 
increasing the diameter of the coil 
increases the inductance. 


Inductors in Series 

Three series connected inductors 
are shown in Fig. 9.14; total induc- 
tance for inductors connected in 
series is the sum of the individual 
self-inductances: 


Li=bLi+bLet+Ll3...+bry 


Inductors in Parallel 

Three parallel connected induc- 
tors are shown in Fig. 9.15; total 
inductance for inductors connected 
in parallel is the reciprocal of the 
sum of the reciprocals of the indi- 
vidual ae ncueta nce 


HE Was a 


Fig. 9.13. Variation of inductance. 


THE MORE TURNS THE GREATER 
THE |NOUCTANCE 


(a) 
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THE LARGER THE COIL DIAMETER THE 
GREATER THE INDUCTANCE 


(b) 


a 2% OF I GROWTH 


le 37% OF I 


TIME: <a IF 25 5 4 nen 


= 
Zz 
ty) 
i 
& 
a | 
© 


CURRENT ——w 





Fig. 9.16. Current change in an 
inductive circuit. 


Inductive Circuits 

Full treatment of inductive cir- 
cuits is beyond the scope of this 
course but we include some 
interesting points which will allow 
you to compare the similarities be- 
tween inductive circuits and capaci- 
tive circuits. 

The time taken for current in an 
inductive circuit to either rise or fall 
through a resistance is measured in 
terms of inductance-resistance 
time constants (usually abbre- 
viated to L/R time constants). The L/ 
R time constant is the time taken for 
current to rise through an inductor 
to a voltage equal to 63.2 per cent of 
its maximum value when con- 
nected to a supply, or fall by 63.2 
per cent of its maximum value 
when disconnected from the sup- 
ply. The time constant (T) of an L/R 
circuit is calculated as follows: 


T=L/R 


It can be seen from the graph of 
Fig. 9.16 that it takes about five L/R 


AIR CORE IRON CORE 


THE TYPE OF CORE MATERIAL ALTERS 
INDUC TANCE 


(c) 
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Fig. 9.17. Graphs of the variation in 
voltage across the resistor and 
inductor in Fig. 9.18. 





Fig. 9.18. Circuit for graphs of Fig. 
9.17. 


CURRENT 
FLOW 


NO CURRENT 





Fig. 9.19. Current will flow in a sec- 
ondary circuit if the two coils are 
linked by the magnetic field. 


time constants to rise to maximum 
current or fall to zero. Again, like the 
time taken to fully charge or dis- 
charge a capacitor (see Part 8), this 
is arule of thumb: theoretically, the 
current in an inductor would never 
quite rise to its maximum value or 
fall completely to zero. 

Fig. 9.17 is mainly for your 
interest and for you to compare it 
with Fig. 8.22, last month; it shows 
graphs of the variation in voltages 
across the inductor and resistor of 
the circuit in Fig. 9.18 when a 
square wave is applied to its input. 
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Transformer Action 
lf two inductors are placed suffi- 
ciently near to each other, the 


changing current and associated 


magntic field around the coil in one 
circuit induces current in the other. 
Applying an a.c. voltage to one coil, 
and thus creating an alternating 
current in it, creates a magnetic 
field around it. Some of this flux, 
due to the close proximity of the 
second coil to the first, cuts the 
second coil and induces a voltage 
across it. 

If the circuit of the secondary is 
closed, as shown in Fig 9.19a, a cur- 
rent will flow. These two circuits are 
linked such that energy is transfer- 
red from one circuit to the other by 
transformer action. 


The Transformer 

Any arrangement in which two or 
more coils are magnetically 
coupled to one another constitutes 
a transformer. The transformer just 
descirbed would be termed an air- 
cored transformer, but iron-cored 
transformers are more common 
because they are more efficient (the 
permeability of iron is high and the 
reluctance of an iron magnetic cir- 
cuit is very low compared to that of 
air, so nearly all the flux in an iron- 
cored transformer is transferred 
from one coil to another); however, 
the principles of air-cored and iron- 
cored transformers are the same. 

A basic iron-cored transformer is 
made up of two coils wound on the 
same core, as depicted in Fig. 9.20; 
one coil of the transformer (the 
input) is called the primary wind- 
ing, the other coil (the output) is cal- 
led the secondary winding. The two 
windings are insulated from the 
core and from each other. 

The primary winding, as shown 
in the figure, is connected to an a.c. 
voltage source, and the secondary 
winding is connected to the load. A 
transformer without a load acts like 
an inductor. 


SECONDARY 
WINDING 


PRIMARY 
WINDING 





Fig. 9.20. Basic transformer. 


The size of the voltage induced in 
the secondary coil (and whether itis 
increased or decreased) is deter- 
mined by the difference in the 
number of turns in the two coils. If 
both windings of the transformer 
have the same number of turns, the 
voltage induced in the secondary 
will be equal to the voltage applied 
to the primary. If the secondary has 
half the windings of the. primary, 
then the output voltage will be half 
of the input voltage; if the secon- 
dary has twice the windings of the 
primary, then the output voltage 
will be twice that of the input vol- 
tage. 


The Transformation Ratio 

The difference in the number of 
turns is known as the transforma- 
tion ratio of the transformer. The 
relationship between the number 
of turns in the primary and secon- 
dary circuits and the voltages 
induced in them is expressed as fol- 
lows: 


Transformation ratio = = 
p Np 


In which Vp is the primary vol- 
tage, Vs is the secondary voltage, 
Np is the number of turns in the 
primary winding, and Ns is the 
number of turns in the secondary 
winding. 

The transformation ratio can be 
set up to step up (if Ns is greater 
than Np) the primary voltage or, if 
Ns is less than Np, step it down. A 
step-down transformer is one 
where the result of Ns/Np is less 
than 1 and a step-up transformer is 
one where the result of Ns/Np is gre- 
ater than 1. A transformer with 10 
times more turns on the primary 
side than on the secondary side has 
a step-down ratio of 10:1, and a 
transformer with 10 times fewer 
turns on the primary side than on 
the secondary side has a step-up 
ratio of 10:1. 

By rearranging Equ. 1, above, any 
one of the four factors can be calcu- 
lated if the other three are known; 
for example, if 240V is connected to 
the primary of the transformer with 
1000 primary turns and 200 secon- 
dary turns, the voltage at the secon- 
dary may be calculated as follows: 


Vs_Ns 
p Np 
Multiply both sides of the equation 
by Vp 
Ve=RXxVp a Ve= Nex (Equ. Vs) 


_ 200X240 48,000 _ A8V 
“83 4@@0..-: | 1060-- 


To arrange this equation (Equ. Vs) 
for calculating the primary voltage 
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(Vp), first divide both sides by Ns to 
get 


s 


and then multiply both sides by Np 
Vs_Vp V 
Nee Herter 
a (Equ. Vp) 


The arrangement for finding the 
number of turns in the secondary 
winding is derived by multiplying 
both sides of the original equation 
(Equ. 1) by Np 

Vs_Ns Vs ss 
Ve Np” i Np=Ns 
_VsxN 
p 


NsXVp . Vs_V 
—-$ S — 
Vs N, sae N, 


Vp 


Ns; (Equ. Ns) 


Finally, the only arrangement left 
is the one for finding the number of 
turns in the primary winding. From 
the above equation (Equ. Ns), first 
divide both sides by Vs to get 


N,=vsxN _, Ns__Np 
p s Vp 
then multiply both sides of this by 


Ns_ Np , N 
V es V.*<Vp= Np 
Np (Equ. Np) 


These are all the possible forms 
of Equ. 1 for calculating trans- 
former primary and secondary a.c. 
voltages and primary and secon- 
dary turns; the results are sum- 
marised in Table 9.2. 


TABLE 9.2 


Vex oe Vp= Rs 


ga VsXN Np=seXNs 
p s 

The current in the secondary of 

the transformer is related to the cur- 

rent in the primary and the transfor- 


mation ratio in exactly the same 
way as voltage: 


Is _Ns 

lp Nop 
This equation can be transposed 
for calculating transformer primary 
and secondary curents and primary 
and secondary turns in the same 
way as shown above for voltages 
and turns; we will not repeat the 
examples but the results are sum- 

marised in Table 9.3. 





TABLE 9.3 
_|lpxNs cli 
l= N> gsi gee Lee saaen 
aml XN Nox <Ns 
p s 


Transformer Efficiency 
The above equations assume 
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that the efficiency of the trans- 
former, given by 
Output Power 
nput Power ~ 100, 

is ideal; in practice, however, it is 
impossible to manufacture a per- 
fect transformer. The efficiency of 
any transformer will always be less 
than 100 per cent because of factors 
such as resistance in the windings, 
flux losses (all the primary flux will 
not be transferred to the secon- 
dary), and a certain amount of 
power being dissipated as heat. 

All this does make it sound as 
though there is more power lost 
than retained, but this is not so, 
transformers are very efficient—it is 
possible to achieve 99 per cent effi- 
ciency. 

The power consumed in the sec- 
ondary circuit must be supplied by 
the primary circuit. As the voltages 
in each circuit are fixed, the current 
in the primary circuit must vary to 
meet the power required by the sec- 
ondary circuit. The power supplied 
by the primary is the primary cur- 
rent multiplied by the primary vol- 
tage (P=IV); 

lIpbXVp 
and the power delivered by the 
secondary is 

IsXVs 
Therefore, assuming no power los- 
ses, the primary power is equal to 
the secondary power. 


Illustrative Example 
A perfect (100 per cent efficient) 
transformer steps up to a 100 volt 
supply to 650 volts. The primary 
has 1,000 turns. 
(a) How many turns are there in the 
secondary winding? 


Nea ete (from Table 9.2) 


1,000x650_ 650,000 
a ee 


6,500 turns 


(b) A 65ohm resistor is connected 
across the secondary. What 
current will it draw? 


=10 amps 


(c) What will be the power con- 
sumption in the secondary? 


P=IV 
=650x 10 
=6,500 watts 


(d) What power must be supplied 
to the primary winding? 
The same as the power at 
the secondary 
=6,500 watts 


(e) What is the primary current? 


A study of this example shows 
that the current output was stepped 
down in exactly the same propor- 
tion that the output voltage was 
stepped up (the voltage was step- 
ped up from 100V to 650V and the 
current was stepped down from 
65A to 10A), and that the ratio of the 
primary voltages and currents to 
the secondary voltages and cur- 
rents is the same as the ratio of the 
number of turns in the primary 
winding to the number of turns in 
the secondary winding: 


Primary Voltage =100 
Secondary Voltage=650 
Transformation headed ae |. 


Vs Ns 6500 
Aner Np 10) 0)0 aii 6.5 


Primary Current =65 
Secondary Current=10 





Transformation ratio= 2-09 — 6.5 
is 10 


Ip _ Ns _6500 
Also7: = Ni, 7000 “te 6.5 
A little more experimentation 
with these equations will reveal 
that if the voltage is stepped up by a 
transformer, current is stepped 
down; and if voltage is stepped 
down, current is stepped up. 


National Grid 

This very property is why trans- 
formers are so important to the 
national grid system which 
supplies the mains electricity to our 
homes and industry. Voltages gen- 
erated at power stations are step- 
ped up to very high voltages for 
transmission over long distances 
because power at high voltages 
carries less current than power at 
low voltages (since P=IV). This 
allows the transmission wires to be 
of a smaller cross sectional area. 

A transformer can have one or 
more primary (or input) windings 
and one or more secondary (or out- 
put) windings; for example, the 
diagram of Fig. 9.21 shows a low 
voltage mains transformer and its 
symbol. Notice that the primary 
windings can be wired in series for 
240 volt operation or can be wired 
in parallel for 120 volt operation (for 
use in the U.S.A., for example). The 
secondary side of this particular 
transformer has multiple taps or 
connections to give a choice of out- 
put voltage. Some commonly avail- 
able types of transformer are 
depicted in Fig. 9.1. 


Next month: Diodes. 


Questions 

1. What curent would be found at 
the primary of the transformer 
below (assuming the trans- 
former is ideal)? 
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2. What is the relationship bet- 
ween the power at the primary 
and the power at the secondary 
of a transformer? 

3. What is the step-down ratio 
when the secondary side of a 
transformer has half the turns of 
the primary? — 

4. What is the step-up ratio when 
the secondary side of a trans- 
former has twice the turns of the 
primary? 

5. Does induced current flow in the 


ANSWERS TO LAST 
MONTH’S QUESTIONS 


Fig. 9.21. A 
transformer. 


low voltage 


primary or secondary of a trans- 


former? 


6. Explain, in a few sentences, how 


a transformer works. 

7. If a transformer has 500 turns in 
the primary winding and 1000 
turns in the secondary, what a.c. 
voltage is required at the input to 
produce 12 volts a.c.? 

8. What will be the output voltage 
of the transformer on the right? 
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6. Since the capacitor is uncharged 
the current is a maximum at the 
instant the switch is made, it is 
limited only by the resistance in 
the circuit. 
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ZN426 8 Bit D/A 250p | 74HCA4066 90p 741890 38p 7418374 60p STOKE-ON-TRENT, ST1 3SD 
74LS93 38p 74LS390 60p TEL: 0782 283642. 
ZN4498 Bit A/D 37 74LS95 S5p 7418393 60p 





JUNE SPECIAL OFFER 


PII II IAA AIAAIAIAAAAI IKK 
HOME ALARM PACKAGE 


INCLUDES: oa PRICE: ONLY 


* Four zone—no key—touch pad panel 


Enter your own Security Code etc. 
External Red Bell Box. 
INC. VAT 
(Plus £2.50 carriage) 


TR ab ii ~<s 


THE MALTINGS, HIGH STREET, WEM, 


SHROPSHIRE SY4 5EN. DEPT EE6 
Tel: 0939 32763. Telex 35565. Fax 33800 


Electronic Component Mail Order Company—Established 1972 
100+ PAGE CATALOGUE AVAILABLE-—SEND £1 FOR YOUR COPY 
including Discount Tickets—50p off £5+ order; £1 off £10+ order; £5 off £50+ order. 


PLEASE ADD £1 POSTAGE & PACKING 
VISIT OUR RETAIL SHOPS 


WEM (MARCO), The Malitings, High St. (0939) 32763 
WOLVERHAMPTON (wa tons), 55A Worcester St. (0902) 22039 
BIRMINGHAM (superTRONICS), 65 Hurst Street (021) 666 6504 


“CLOSED-CIRCUIT” TELEVISION SYSTEM 


PRICES £14.60 (Plus £12.00 carriage) 
1xXCAMERA 1<MONITOR 1xCAMERA 
BRACKET 


2x1 Internal Passive I.R. 
2xDoor Contacts * Siren for Bell Box 
100 mts cable and clips 


WE RESERVE THE Seber , 
" Full fitting instructions 


(Please ring for further information) 


RESISTOR KITS each value individually packed BOOKS 
VaW pack 10 value E12-10R to 1M 610 pce. £5.10 Data Volume 1—Trans data & 
YAW pack 5 value E12-10Rto 1M 305pce. £3.75 drawings A—Buy 
i i ? bi ceeel “ oe O30 ae Data Volume 2—as above C-Z 
/2 ck 10 ea value E1 to 2. Fs 

a Poe a7 Data Volume 3—2N-2N6735._ 


Y/2W pack 5 ea value E12-2R2 to 2M2 365 pce. Data Volume 4—2SA & on 
£540 |  .. Diodes Volume? 
a Diodes Volume 2 
© Both Volumes 
Ic. CMOS 
1.C. TIL 
.C. LIN Volume 1 
I,C. LIN Volume 2 
Both Volumes 
Thyristors A-Z 


ADDITIONAL KITS 

Disc ceramic 50V 125 pieces 3.99 
Zener Diodes 5ea 55 pieces 4.00 
Electrolytics R 100 pieces 8.50 
Fuses Q/Blow, 20mm _ 80 pieces 4.75 
Fuses T/Delay,20mm__ 80 pieces 8.50 
Pre-set Pots-H 120 pieces 7.75 


1 
Pre-set Pots-V 120 pieces 7.75 seaB gm! 9 aneutee ih OM 35a 


1 Watt pack 5 ea value E1 
2 Watt pack 5 — 


NI-CAD RECHARGEABLE 
BATTERIES 


COMPLETE> 
WITH LENSE 


12V RECHARGEABLE UNIT 


’ tin, 40% alloy 
non-corrosive. 


£5.75 


Transistors A-Z 
Transistors 2N-3N 
Both Volumes 


ALSO 18swg 
JUST ARRIVED 


High quality 


Desoldering Pump, ONLY 
European made £3.44 


(Normally £8.99). Spare tip 69p 


10xD size Ni-Cads (4Ah) encapsulated in a black plastic ca 
fused holder, gives 12V output when fully charged, Ex-e¢ 
ment-—fully tested and guaranteed. 245x75x75m¢ 


£9.19 plus £2.12 P&P CHAR | R iR Xe 


STANDARD ABS BOXES: 
HIGH IMPACT ABS _ 


FULL RANGE OF 
BABANI BOOKS IN STOCK 
ANTEX SOLDERING KITS 
Ciron £7.65 
CS iron £7.75 Auto repair £10.75 
XS iron £7.85 SK5 £10.75 
ST4 Stand £2.99 SK6 £10.85 
Spare elements £3.75 
Spare tips £1.60 


ORYX PORTASOL GAS ___ 


SOLDERING IRON 
Price (1+) £18.75 5 
for Baby Alarm Spare tips 1, 2.4, 3.2,4mm £5.50 


ote £9.78 LATEST CATALOGUE £1 


BLACK STAR FREQUENCY COUNTERS—NEW 
METEOR 100-100MHz £115.00 Carriage £2.50 
METEOR 600-600MHz £149.00 (including VAT) 


CHARGER FOR NI-CAD — 


BATTERIES 
Charges AA, 


AA, C, D & 
PP3 NI-CADS 
£4.99 


12V Twin Fluorescent lamp 12” Double Tubes 
IDEAL FOR BOATS, CARAVANS, VANS, ETC 


FM TRANSMITTER 
Very High 
Quality 
‘MINI-BUG’ 
—Ideal 


INTERNAL 
DIMENSIONS 
ATTRACTIVE WHITE 
FITTING, RIBBED 
PERSPEX DIFFUSER, 
ON/OFF SWITCH, 
3ft CABLE, TRANSISTORISED 
CIRCUITRY, KEYHOLE FIXING. 


£5.99 each. 368%67%43mm 





35 BOX MB1 
35 BOX/MB2 
37 BOX/MB3 
55 BOX/MB5 
77 BOX/MB4 
57 BOX/MB6 
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HIS month we shall be devoting the 

whole of On Spec to the subject of 
interrupts. For the practically minded, we 
shall be including details of a practical 
Interrupt Controller designed by one of 
our regular readers. 


Interrupts 

Interrupts are essential to the operation 
of all real-time control systems as they pro- 
vide an efficient means of both alerting the 
processor to the occurrence of a particular 
event such as a key depression or end-of- 
conversion signal. The ability to handle 
interrupts at various levels, to differentiate 
between them, and to make an appropriate 
response, is thus crucial to any micro- 
processor-based control system. Unfortu- 
nately, the Spectrum was designed as a 
low-cost home computer (rather than a 
real-time controller) and thus it is very 
poorly catered for as far as interrupt con- 
trol is concerned. 

Regular readers may recall that I pro- 
vided some information on the use of inter- 
rupts (together with a simple demonstra- 
tion routine) in the January 1988 instal- 
ment of On Spec. (If you missed out on this 
there is no need to despair as I have 
included the relevant details in the current 
On Spec Update!). 

Bill Buick (from Newtyle, Perthshire) 
has gone one step further and has provided 
a novel solution to the problem of lack of 
interrupt control for the Spectrum. Bill’s 
solution is based upon the Z80 Counter/ 
Timer Circuit (CTC) and the complete cir- 
cuit of his Interrupt Controller is shown in 
Fig. 1. Bill writes: 

The design of the Interrupt Controller 
centres on the Z80-CTC which is easy to 
interface to the ZX Spectrum. Address lines 
A5, A6 and A7 are used to select the device 
and program the internal registers. This 
allows the user to realise unique and flexible 
capabilities for his or her system, using the 
full power of vectored interrupts and 
machine code speed. 

The Z80-CTC has four independent 
counter/timer channels. Each channel can 
be individually programmed with two bytes, 
a Channel Control Byte and a Time Con- 
stant Byte. The Channel Control Byte confi- 
gures each channel either as a counter or as a 
timer. The Time Constant Byte sets an inter- 
nal counter which is decremented each time 
a pulse occurs on the CLK/TRIG inputs to 
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INTERRUPT 
1 ENABLES 
0 DISABLES 


MODE 
O=TIMER MODE 
1=COUNTER MODE 


PRESCALE VALUE* 
1=256 
0=16 


CLK/TRIG EDGE SELECT 
0=FALLING EDGE 
1=RISING EDGE 


CHANNEL CONTROL REGISTER 





, CONTROL OR VECTOR 
0=VECTOR 
1=CONTROL WORD 


RESET 
O0=CONTINUED OPERATION 
1=SOFTWARE RESET 


TIME CONSTANT 
0=NO TIME CONSTANT FOLLOWS 
1=TIME CONSTANT FOLLOWS 


TIMER TRIGGER* 
0=AUTO TRIGGER 
1=CLK/TRIG PULSE STARTS TIMER 


*=USED IN TIMER MODE ONLY 





TIME CONSTANT WORD 


-—— (may be any value from 00H->FFH) — 


[Pr | De] Ds | Ds | Ds | De | Dr | Do 


TC, TCg TCs 





TC, 


INTERRUPT VECTOR PROGRAMMING 


TC3 TCo TC; TCo 


elalale[=[oTo[=] o-ygraun 
VECTOR WORD 





D7-D3 
SUPPLIED B 


1=CONTROL WORD 


YUSER Channel Identifier (Automatically inserted by CTC) 
00=CHO 


01=CH1 10=CH2 11=CH3 


Fig. 2. Internal Registers of the Z80-CTC 


the chip. These pulses can be selected by the 
programmer to be rising or falling edges 
(positive or negative going). When the inter- 
nal counter reaches zero, the CTC interrupts 
the CPU in the vectored interrupt mode. 
The channels are numbered 0 to 3 and are 
selected by the binary information on lines 


IC1 


Z80A -CTC 


CLK/TRIG 0 [fps 


AS and A6. A7 operates as the chip select 
line. The CTC is unique in that it can modify 
_ the vector supplied to the CPU in sucha way 
that the CPU can jump directly to the Inter- 
rupt Service Routine specific to the channel 
that caused the interrupt. The channels have 
an order of priority, Channel 0 has the high- 


HIGHEST PRIORITY 
bs 


CLK/TRIG 1 [iene 


CLK/TRIG 2 


CLK/TRIG 3 im 


|_| Lowest priority 





Fig. 1. Complete circuit diagram for the Interrupt Controller. 
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est and Channel 3 has the lowest. The vec- 
tored interrupt mode is a method of combin- 
ing information from the CPU’s Interrupt 
(I) register with a byte from the interrupting 
device. 


Construction of the Interrupt Controller 
is quite straightforward and should follow 
the same general lines as that recom- 
mended for our previous On Spec projects. 
Bill makes the following points: 

As there is only one chip, construction is 
relatively easy but care has to be taken as 
errors may damage the Spectrum. The use 
of an i.c. socket is advisable. Notice also 
that the CLK/TRIG pins are pulled to OV by 
resistors. These are essential to prevent 
undesired operation of these inputs. 

Also, the IEI pin (Interrupt Enable In) 
must be pulled to +5V via a resistor. This is 
because the “daisy chain” method is used by 
Zilog in assigning priority to interrupting 
devices; the device which is electrically 
closest to the CPU has the highest priority. 


Interrupt software 

The Interrupt Controller is designed to 
take advantage of the most powerful of the 
Z80’s interrupt modes. This mode caters 
for a variety of different responses to inter- 
rupts; the source of the interrupt can be 
identified by the processor and an approp- 
riate interrupt service routine executed. 
Bill offers the following explanatory notes: 

Unfortunately, the Spectrum is initialised 
at power-up to a non-vectored interrupt 
mode. It therefore has to be “‘fooled’’ into 
accepting IM2 (vectored interrupt) mode. 
First of all, a specific sequence of events has 
to occur to program the CTC as an interrupt 
controller. This involves programming the 
registers described previously, initialising 
all four channels as counters and setting the 
Time Constant Register to 01H. Also, the 
interrupt service routines for each channel 
have to be created and identified. 

This process involves the creation of a 
“vector table’. This table is a series of mem- 
ory locations which contains the address of 
the area in memory which the CPU will 
jump to when an interrupt occurs. The loca- 
tion of the vector table in memory is very 
important. On receiving an interrupt, the 
contents of the CPU’s Interrupt (I) register 
is joined with the byte supplied from the 
CTC to make a pointer to the location in 
memory which has the address of the inter- 
rupt service routine(s). 

This is then loaded into the Program 
Counter in the CPU and program execution 
continues from there. Notice also, that all 
interrupt service routines must terminate 
with the RETI instruction which will allow 
further interrupts to occur properly. 

To ensure that the Spectrum will operate 
properly, an additional “dummy” routine 
has to be programmed. This is because 
every 20ms the ULA is interrupting the CPU 
and when the CPU is programmed to Inter- 
rupt Mode 2 (IM2), it will be looking for the 
8-bit vector normally supplied by the inter- 
rupting device. 

However, the ULA does not supply this 
and the data bus lines are pulled to +5V by 
resistors. Thus, the pointer formed in this 
case will be the contents of the interrupt 
register joined to FFH. Therefore, it will be 
necessary to include this to avoid a ‘‘crash’’. 

Once the CTC has been correctly prog- 
rammed, interrupts on the Spectrum must 
be disabled while the interrupt modes are 
changed. The final instruction in the 
initialisation program is JP 0038H, which 
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ORG 80@0H 


LOAD 8@@OH 


8000 FS FUSH AF 
8001 ES PUSH HL. 
BO@2 213 57 BO LD Hi, CHO 


1D HL, CHI 


:SAVE REGISTERS 


1 D(9F 20H), HL 


1 D(9F22H), Ul 


:SET UP VECTOR TABIE 


BOGE 71 4D 88 1D HI., CH2 
@@11 22 24 9F LD(SF24H) , Hb 
8014 21 78 8@ 1D HL, CHS 


LD(9F26H) ,. Hi 


:L.0AD VECTOR TO CTC 
:CONFIGURE CHANNEL AS COUNTER 
:LOAD COUNTER WITH @1 


REPEAT FOR OTHER CHANNELS 


:SWITCH INTERRUFT MODES 


:RESTORE REGISTERS 


:JUMF TO MASKABLE INTERRUPT ROUTINE 


:DO NOTHING 


CHANNEL 1 INTERRUPT SERVICE ROUTINE 


BO1A 21 51 BO 1D HI, DMMY 
@@iD 22 fF OF LD(9FFFID, HL 
8920 3E 20 LD A, 32 
8822 D3 1F QUT (31) A 
8024 3E DS LD A, 213 
8926 D3 IF OUT (31) 5A 
80928 3E O1 ID A, O1 
@@2A D3 1F OUT (31) ,A 
B@2C 3E DS LD A, 213 
@@2E D3 20 QUT (32) ,A 
8030 3E Oi LD A,@1 
8032 D3 20 QUT (32) ,A 
8034 3E DS LD A, 213 
8936 D3 40 QUT (44) ,A 
8938 3E O1 LD A,@1 
883A D3 40 OUT (64) ,A 
B93C 3E DS KO A, 213 
@@3E D3 48 OUT (94) ,A 
8040 3E O1 LD A,@1 
8042 D3 6a QUT (94) ,A 
8044 FS DI 
8045 3E 9F .D A,9FH 
@0@47 ED 47 LD 1,A 
8049 ED SE IM2 

@@4B FB EJ 

B@4C E} POP HI. 
@@4D Fi POP AF 
BO4E C3 38 aD JF @@38H 
9051 F3 DMMY: DI 

8052 20 NOP 

a@53 FB EI 

80954 C3 38 0 JP @@38H 
8057 FS CH@: DI 

@@58 3E 41 LD A,"A" 


B@5A FD CB @2 86 


8@SE D7 RST 10H 
B@SF FB EI 

8060 ED 4D RETI 
8862 FS CH1i: ODI 

8863 SE 42 LD A,"B" 


8065 FD CB @2 84 


8869 D7 RST 10H 
806A FB EI 

806B ED 4D RETI 
8@6D F3 CH2: DI 

BO@6E SE 43 LD A,"C" 


8070 FD CB @2 84 


8074 D7 RST 10H 
88475 FB ez 

80746 ED 4b RETI 
8978 FS CH3: DI 

8079 SE 44 LD A,"D" 


8078 FD CB @2 86 


807F D7 RST 10H 
8080 FB EI 
8081 ED 4D RETI 


RES @, (1Y¥+@2) 


:SIGNAL MAIN SCREEN 
: PRINT 


sRETURN FROM INTERRUPTS 


:REPEAT FOR OTHER CHANNELS 


RES @, (1Y+@2) 


RES @, (1¥+@2) 


RES @, (1Y+@2) 


Fig. 3. ZX Spectrum Interrupt Controller demonstration program. 


causes the Spectrum to return to the 
“‘Maskable Interrupt Routine”’ and it con- 
tinues operation from there, unaware of 
the mode change. 


Demo. program 

The demonstration assembly language 
program shown in Fig. 3 allows users to test 
the interrupt controller. The program may 
be entered using an assembler or with the 
aid of our own Machine Code Loader (pro- 
vided in the Update package). The 
demonstration program will print A, B, C, 
or D on the screen, depending on which 
one of the CLK/TRIG pins of the CTC is 
taken to +5V. 


Next month: We shall be providing 
details of a simple mother-board for the 


Spectrum. This novel arrangement allows 
users to extend the Spectrum’s bus system 
so that a number of external modules can 
be simultaneously connected. We shall also 
be reviewing the quaintly named ‘‘Pick- 
POKE-It” software package available 
from MGT. 

In the meantime, please drop me a line 
enclosing a large (250mmx300mm) 
adequately (i.e. 42p UK postage) stamped 
addressed envelope if you would like to 
receive a copy of our On Spec Update. 
Please note that I can no longer provide 
individual replies to queries but instead will 
do my best to provide answers through On 
Spec or through the Update. Mike Tooley, 
Faculty of Technology, Brooklands Tech- 
nical College, Heath Road, Weybridge, 
Surrey, KT13 8TT. 
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lan Graham 


ITH Astra already in orbit relaying television prog- 
YY 222205 to Europe, and BSB’s television satellite 

due to be launched in August, 1989 has been 
heralded as the beginning of a new era in television. To 
mark the increased importance with which the industry now 
views itself, the annual broadcasting and communications 
industry show has transplanted itself from Wembley, where 
it started in 1987, to Olympia. The new and more spacious 
venue accommodated more than 120 exhibitors for Cable & 
Satellite 89 (March 16-19). 

All aspects of the industry were represented— 
programme makers, satellite operators, receiver manufac- 
turers, signal distributors, aerial installers and video service 
companies. More than two dozen new products, mostly 
satellite receivers, were either launched or previewed. 





FERGUSON 

Ferguson exhibited its SAP1 Astra receiver with 64cm 
dish. The package will sell for around £300 (or £330 with the 
larger 80cm dish needed to cope with the weaker signals 
reaching the north of the Kingdom). The 32-channel 
receiver, equipped with an infra-red remote control, comes 
with Astra’s 16 channels already programmed in. 

Ferguson also announced that it will be supplying the 
Videocrypt decoder for use with Sky Television’s subscrip- 
tion channels. Videocrypt is a signal scrambling system 
developed by Ferguson’s parent company, Thomson Con- 
sumer Electronics. 

The decoder will be used in conjunction with a Smart 
Card, a plastic card with a microchip embedded in it, 
developed by News Datacom a subsidiary of News Interna- 
tional. Inserting the card in the decoder authorises the 
decoder to unscramble Sky Movies and the Disney Chan- 
nel. The decoder can be used on a simple subscription basis 
Or pay-per-view or pay-per-time. It will be available from 
this autumn for around £80. 

Ferguson’s BSB (British Satellite Broadcasting) recep- 
tion package, the SBP1, will be available from September 
for about £300. It consists of a 10-programme remote con- 
trol receiver with digital stereo sound decoder and built-in 
Eurocypher decoder, and of course the famous (or notori- 
ous) ‘“‘Squarial’’ flat plate antenna. 


NOKIA 

Nokia Consumer Electronics showed its new range of 
satellite products, including the 5902 Astra compatible 
stereo receiver. This is available in the UK as the ITT- 
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Nokia Sat 1100 and the Salora 5902. Its 48-channel capacity 
will cater for the two additional 16-channel Astra satellites 
planned for launch in the next few years. The current Astra 
satellite’s 16 channels are pre-programmed into the 
receiver. 

Receiving dishes are available in a range of sizes, from 
55cm to 85cm, to meet different requirements in different 
parts of the country. The Sat 1100 with a 55cm dish will sell 
for about £379. In addition, ITT-Nokia is offering TV sets 
with built-in satellite receivers. The 66cm 7190 and 59cm 
6390 also have a built-in FM radio, radio/TV remote con- 
trol and 60 station presets. 


ECHOSPHERE 

American manufacturer Echosphere International 
unveiled two new receivers for Astra—the Echostar SR-1 
and SR-2. Both are pre-programmed with the Astra fre- 
quencies. The SR-1 has a 10-keypad remote control, on- 
screen graphics, mono sound and video fine tuning. The 
SR-2 has full-featured stereo sound, parent lock and a 24- 
key remote control. 

The European market in satellite television products has 
such a growth potential that the Colorado-based company 
has now opened a new office in Almelo in The Netherlands. 


SENTRA 
Sentra Electronics describes itself as ‘‘a determined new- 
comer to the satellite scene’’. Its SX1000 Astra receiver, 
launched at Cable & Satellite ’89, has 16 channel presets, 
infra-red remote control and a 60cm dish with a wall mount- 
ing kit—and all at the competitive price of £259. 


THE SATELLITE OPERATORS 

Astra’s operator, Société Européenne des Satellites, 
occupied a modest stand beside British Telecom. The two 
companies have a close business relationship too. SES took 
the plunge and launched Europe’s first privately-owned 
television satellite in December 1988. After a perfect 
launch by Ariane rocket, the satellite performed faultlessly 
and went operational in February this year. SES has 
relentlessly and aggressively promoted Astra to pro- 
gramme makers, hardware manufacturers and the High 
Street dealers who will sell the receivers. 

BSB’s stand, twice the size of Astra’s, reflected the more 
difficult circumstances in which BSB finds itself. Despite 
the small numbers of viewers with satellite dishes and 
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receivers, Astra seems to be well on its way to commercial 
success. BSB is coming along after Astra, with a new broad- 
casting system, requiring a different type of receiver, and 
with a satellite in a different position in the sky, requiring a 
second dish (or a single motorised dish). There must be a 
question-mark over the viewers’ willingness to shell out for 
what amounts to a second satellite system if they are 
reasonably satisfied with Astra’s output. There have also 
been technical problems with the flat receptor, the Squa- 
rial, that BSB has made so much of; no one has yet seen a 
working Squarial! 

BSB demonstrated a comparison of PAL and D-MAC. 
PAL is the broadcasting system used by all terrestrial TV 
stations and until the end of the year all the satellite stations 
too. D-MAC is a new broadcasting system that will be used 
by BSB when its three channels begin broadcasting this 
autumn (with two additional channels due to start in 
January/February of next year). As soon as D-MAC receiv- 
ers are available in sufficient quantities, some of Astra’s 
channels will change over to it too. 

Sky Television has committed itself to sticking with PAL. 
In BSB’s comparative demonstration, the D-MAC pictures 
were undoubtedly clearer, sharper and interference-free 
compared to the PAL picture of the same image. Whether 
or not the same striking improvement in picture quality will 
be obtained in the home using a PAL television set has been 
the subject of debate, sometimes acrimonious, between 
interested parties. 


THE PROGRAMME MAKERS 

However appealing the technology is, it isn’t worth a row 
of beans if the programmes beamed down from the satel- 
lites aren’t worth watching. The programme makers and 
providers were represented in strength to convince show- 
goers of their value. The ground floor of Olympia’s 
National Hall was dominated by the Sky Television and 
BSB stands. 


Ferguson’s SBP1 receiver and the Squarial flat plate 
antenna should be available in time for broadcasts 
from the BSB satellite in September. 
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One of the new Astra receivers from the American 
company, Echosphere—the Echostar SR-1. 


Sky Television is now offering six channels from 
Astra—Sky Channel, Sky News, Sky Movies, Eurosport, 
Sky Arts and The Disney Channel. All channels can be seen 
free at the moment, but in the autumn, Sky Movies and The 
Disney Channel will be scrambled. To unscramble them, a 
decoder will be necessary and a subscription of £12 per 
month will be charged for access to the two channels. 

At Cable & Satellite ’89, The Children’s Channel 
announced that it would begin broadcasts from Astra on 
April 1st. The channel, which started in 1984, is currently 
available to over one million cable TV viewers in Europe 
and Scandinavia. These low-power broadcasts via Intelsat 
will continue alongside the direct-to-home Astra service. 

MTV (Music Television) was born in the USA in 1981. 
There, it now reaches 40 million homes. MTV Europe was 
launched in 1987 via a low power Intelsat satellite to a cable 
TV audience of 1.6 million households. At Cable & Satel- 
lite 89, they announced that by January this year that had 
grown to five million. 

In February, MTV Europe began broadcasting by 
Astra—24-hour music, pop-star interviews, news, video 
releases and programmes covering contemporary music 
tastes from Hip-Hop to Heavy Metal. The channel is a big 
hit with the youth audience and with the advertisers who 
want to sell to them. 

During the summer, W. H. Smith Television will begin 
broadcasting two channels in PAL via Astra—Lifestyle 
(Europe’s first women’s channel) and Screensport. But at 
the end of the year, they plan to abandon PAL and switch 
over to D-MAC. Then, both channels will be encrypted. 

BSB will kick off with three channels—The Movie Chan- 
nel, Galaxy (family entertainment) and Now (news and 
current affairs). In January or February 1990, two more will 
be added—The Sports Channel and The Power Station 
(pop and style). All BSB’s channels will be encrypted and 
The Movie Channel will charge an additional subscription. 


REFORM 

The Government seems determined to reform British 
broadcasting for good or ill. In the more competitive envi- 
ronment that will inevitably come, there will be more 
broadcasters, more cable television companies, more satel- 
lite channels . . . more of everything televisual. But exper- 
tise in broadcasting doesn’t come overnight. 

To meet the needs of a de-regulated Britain, Philips Con- 
sumer Electronics has set up a new Videocommunications 
Group to offer a range of professional cable and satellite 
systems, equipment and training. With 30 years in the 
broadcast television business, Philips is well-placed to 
provide this sort of service to the UK cable and satellite 
industry. 

Cable & Satellite ’89 provided an interesting window on 
the satellite television industry. The number of manufac- 
turers introducing products and providing services gives the 
industry an air of solidity and credibility. A visit provided 
reassuring evidence that there is more to satellite TV than 
Rupert Murdoch’s Sky Television and Alan Sugar’s 
Amstrad, despite the national press’s fascination with these 
two personalities and their companies. This relatively new 


branch of the entertainment industry appears to be growing 
O 


and gathering momentum. 
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TEACH-IN SERIES 


TWO SPECIAL 
PUBLICATIONS 


FROM EVERYDAY ELECTRONICS 


A comprehensive background to electronics, 
including practical experiments. plus full 
construction details of eight test gearprojects. 





THE FIRST “TEACH-IN” BOOK 
ONLY £1 995 plusP&P 


By Michael Tooley BA and 
David Whitfield MA MSc CEng MIEE 


A comprehensive background to modern elec- 
tronics including test gear projects. This 104 page, 
A4 size book forms a complete course in basic elec- 
tronics; designed for the complete newcomer it will, 
however, also be of value to those with some previous 
experience of electronics. Wherever possible the 
course is related to ‘‘real life” working circuits and each 
part includes a set of detailed practical assignments. 


This book is an excellent companion for anyone interested in 
electronics and will be invaluable for those taking G.C.S.E. or 


B.T.E.C. electronics courses. ORDER CODE: EE/T-I 








Kes 
TEACH" 


From the 
Publishers of 


EVERY SAY 


"RONICS 


City and Guilds” 
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A complete City and Guilds 
Certificate Course for 726/303 
Introductory Microprocessors 


Written by Mike Tooley BA this course can lead 
successful readers to a City and Guilds Certificate. 
Everything you need to know is included—even pre-test 
papers, etc. 

From Terminology, Integrated Circuits and Logic 
Families in Part One, the course progresses in easy 
stages up to High- and Low-level Languages, Flow 
Charts and Assembly Language. Also featured is a 
range of eight Data Pages giving information on popular 
microprocessor chips. A comprehensive index is 
included, making this a _ valuable - reference 


manual. ORDER CODE: TI 88/89 


SEE DIRECT BOOK SERVICE pages—for full ordering details 
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Saxmundham, chimney stacks 

are sprouting poles carrying 15- 
centimetre aerial dishes. These are 
directed, not towards some space 
satellite, but to the roof of the local 
telephone exchange. There, a 
number of tiny transmitters relay 
television programmes-— one trans- 
mitter for each channel. 

This is an experiment in local TV 
distribution by microwave relays. 
It’s called a Millimetre-wave Multi- 
channel Multipoint Video Distribu- 
tion Service, or M°VDS for short. 
This inelegant title masks some 
neat enginzering by British Tele- 
com, who are installing the Sax- 
mundham project as a demonstra- 
tion and field test of a TV distribu- 
tion system which could carry 25 
channels, is relatively cheap and is 
ideal for small towns. 

The idea is to collect TV program- 
mes from a number of sources 
(satellites, local BBC and commer- 
cial stations, cable links, video 
recorders, local studios), convert 
them to micro-wave on about 
30GHz and distribute them by 
means of low-power (100mW) 
transmitters with a range of a mile 
or two. The customer would get 
high-quality pictures and Telecom 


I: THE little Suffolk township of 


would rent’ the _— distribution 
facilities. 
FREQUENCY 


The novel feature of this system 
is the choice of frequency. Most 
proposals for microwave TV sys- 
tems (and some working systems 
abroad) use frequencies of a few 
GHz (wavelengths of a few cen- 
timetres). Telecom's choice of 
30GHz (wavelength 10 millimetres) 
is based on the belief that only by 
going to this band will it be possible 
to find enough channel space for a 
national system. 
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The essential engineering need is 
to avoid co-channel interference 
from transmitters in the next town. 
With (ultimately) hundreds of local 
systems in simultaneous use this 
means keeping frequencies used in 
an area well separated. Only at 
30GHz and above is there enough 
available bandwidth to achieve 
adequate frequency separation and 
so avoid co-channel interference. 


COST | 

Millimetric radio is expensive. 
The higher the frequency the higher 
the cost. Telecom _ research 


laboratories (at Martlesham near 
Ipswich) have made great strides 
towards getting the costs down. 
They have designed integrated cir- 


Millimetre-wave 
Multichannel 
Multipoint 
Video 
Distribution 
Service 


By George Hylton 


cuits (using gallium arsenide as a 
substrate) which carry out the func- 
tions required to down-convert the 
millimetric frequencies to what can 
be handled by a domestic TV fitted 
with a translator for transforming 
the f.m. used for distribution into a 
conventional TV signal. (Trans- 
lators will be mass-produced for 
satellite TV reception so should be 
inexpensive.) 

At present, Telecom is using sev- 
eral GaAs i.c.s at each receiving 
point, but it is hoped to coalesce 
these into just one or two. The esti- 
mated cost of a domestic user’s 
extra equipment is about the same 
as for satellite TV reception, but of 
course the potential number of 
channels is larger. 





~ 15cm rooftop 





~ 2km 


off — air TVRO 


receivers 


4 


: ie 


exolanle)iarsis 













from Cable TV 


network ee 


tape 










M°VDS — THE CONCEPT 






antenna i ~ | 


Seeege 


M3VDS. A test system has been established by British Telecom Research 
Laboratories to demonstrate feasibility, practicability and the readiness of 
economic MMWIC (monolithic millimeter-wave integrated circuit) technology. 








transmitter antenna 
on local high point 







MATV feed to properties 
where trees etc block 
radio path 






transmit 
equipt. 












local 
TV studio 





385 


SIGNAL 








INJECTOR 


ROBERT PENFOLD 


An easy to build, inexpensive item of test 
gear that could prove itself invaluable to 


any reader. 


OST electronic testing takes the 

form of initial checks to narrow 

down the area of the fault to one 
particular stage, followed by more detailed 
checks to determine exactly which compo- 
nent is faulty. A signal injector is a very 
useful device that is primarily used for the 
narrowing down process, but which can 
sometimes be used for more precise 
checks. Basically all it does is to generate 
an audio frequency signal that can be 
coupled into various stages of audio fre- 
quency equipment. 

Most signal injectors, including the pre- 
sent design, produce strong harmonics 
(multiples) of the fundamental audio fre- 
quency. These extend well into the radio 
frequency spectrum, and enable the unit to 
be used for checks on some kinds of radio 
receiver (including long and medium wave 
broadcast sets). 


FAULT-FINDING BASICS 


A signal injector is used to test a piece of 
equipment that has a series of amplifiers or 
other signal processing stages (tone con- 
trols, etc.) The general idea is to inject the 
signal at the output first, and then gradu- 


ally work forwards towards the input, 
injecting the signal at strategic points. 

Each test should produce an output from 
the loudspeaker, headphones, or whatever 
is being used to monitor the output signal. 
However, if there is a fault in the unit, at 
some point the signal will be injected and 
no signal (or perhaps an inadequate signal) 
will be forthcoming from the loudspeaker. 
The fault then lies somewhere in the region 
of this last test and the previous one. 

In fact you can work the other way 
round, starting at the input and working 
towards the output of the unit under test. It 
is then a matter of injecting the signal at 
various points until a proper signal is 
obtained from the loudspeaker. Again, the 
fault will lie somewhere in the region of the 
ultimate and penultimate test points. 

There is a body of opinion in favour of 
making the initial test point somewhere in 
the middle of the signal chain, with sub- 
sequent checks being ahead of or after this 
point, depending on the result of this initial 
check. Whichever of these three methods 
you adopt, or if you adopt a random 
approach to selecting the test points, the 
basic idea is still to find successful and 
unsuccessful test points close together in 
the signal chain. — 


Fig. 1. Typical circuit which can be tested with the Signal Injector. 
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EXAMPLE 


A circuit of the type that can be checked 
using a signal injector is shown in Fig. 1. 
This is a common emitter amplifier based 
on TR1 and a two stage highpass filter hav- 
ing IC1 as the buffer amplifier. Feeding 
even a weak signal to the input should pro- 
duce a strong output due to the high gain of 
the amplifier. Assuming that this test fails 
to give a suitable output and that the circuit 
is faulty, the next injection point would be 
at the base of TR1. If this gives a proper 
output from the circuit, then C1 is clearly 
not coupling the signal through to TR1, 
and has presumably gone open circuit (or 
perhaps it is connected via a “dry” joint). 

If this check is successful, the next test 
point is at the collector of TR1. When using 
a signal injector you need to bear in mind 
that connecting the output of the injector to 
the output of a stage in the test circuit is not 
necessarily a good idea. It could conceiv- 
ably result in damage to the injector or the 
circuit being tested. This is unlikely, but it 
is quite probable that the output will 
heavily load the output of the injector so 
that only a low output level is obtained. 

In this case the output impedance of TR1 
is relatively high, and the injector should 
have no difficulty in inserting a fairly high 
signal level here. It should also have no dif- 
ficulty in injecting a signal into the sub- 
sequent test points at the junctions of C3/ 
C4, C4/CS, and CS5/R8. 

The output of [C1 is a different proposi- 
tion, and operational amplifiers (and most 
other integrated circuit amplifiers for that 
matter) have a very low output impedance. 
It would not be advisable to inject a signal 
into the output of IC1. A much better 
approach would be to disconnect the posi- 
tive terminal of C6 from the circuit board, 
and to inject the signal into this lead. 

If a circuit has a lot of stages with low 
output impedances it might be better to 
adopt an alternative method of fault find- 


ing, such as using a signal tracer (as 


described elsewhere in this issue). 


CONCLUSIONS 


With any electronic testing you should 
try not to jump to conclusions. There is a 
very big difference between jumping to 
conclusions and reaching reasoned conclu- 
sions. For example, if applying a signal to 
the right hand end of C5 produces an out- 
put signal, but injecting the signal at the left 
hand end does not, a fault in C5 is the obvi- 
ous conclusion. There is another possibility 
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Fig. 2. Circuit of the Signal Injector. 


though, which is that R7 has gone short cir- 
cuit, and is therefore short circuiting this 
test point to the output of IC1. 

Signal injecting will often only indicate 
the general area of the fault, and some 
further testing may be needed in order to 
locate it precisely. In this example one end 
of R7 could be disconnected. If this 
restores the output signal, then it is R7 that 
is faulty. If not, then the defective compo- 
nent is indeed CS. Alternatively, a mul- 
timeter could be used to check the resis- 
tance of R7. 







Fig. 3. Construction.of the 
Signal Injector. 
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THE CIRCUIT 


The circuit diagram of the Signal Injector 
is shown in Fig. 2. This is little more than a 
555 timer integrated circuit used in the 
standard astable configuration. There is 
some advantage in using the TLCS55CP 
low power version of the 555 as this gives 
somewhat lower current consumption and 
stronger radio frequency harmonics on the 
output. The circuit will work quite well 
with the standard 555 though. Timing com- 
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COMPONENTS 


Resistors 
R1 4k7 
R2 100k 
° 
0.25 watt 5% carbon see page 398 
Potentiometer 
VR1 1k lin. 


Capacitors 
C1,C4 100 axial elect. 10V 
(2 off) 
C2 4n7 polyester 7.5mm 
pitch 
C3 150p ceramic plate 


C5 47 axial elect. 10V 


Semiconductor 
IC1 NE555P or TL555P 
timer 


S1,S2 _ s.p.s.t.sub-min 
toggle switch (2 off) 

B1 9 volt (PP3 size) 

battery 

SK1 3.5mm jack socket 

(see text) 

Battery connector; 8 pin d.i.l. 
i.c. holder; case; Free EE Circuit 
Card or Easiwire board; control 
knob; wire; etc. 
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ponents R1, R2, and C2 give a roughly 
squarewave output at a middle audio fre- 
quency of approximately 1kHz. 

With S1 in the “RF” position the output 
signal is coupled via C3 to the output level 
potentiometer (VR1). The small value of 
C3 results in the audio frequency content 
on the output signal being severely 
attenuated. In theory the audio frequency 
content of the signal should be irrelevant 
when the signal is injected into the r.f. or 
i.f. stages of a radio receiver. In practice a 
strong audio frequency signal can break 
through to the output and give misleading 
results. 

When S1 is closed, C4 is switched in 
parallel with C3, and it then provides full 
coupling of the output signal through to 
VR1. C5 provides d.c. blocking at the out- 
put so that connecting the unit to a test cir- 
cuit will not upset the biasing of that circuit. 
The unit can provide quite a strong output 
signal, and it is suitable for testing 
loudspeakers and headphones. 


CONSTRUCTION 


Details of the circuit board and wiring 
are provided in Fig. 3. Please read the 
Using Your Circuit Cards item before 
going ahead with circuit assembly. Con- 
struction of the board is fairly straightfor- 
ward, but be careful to get the orientations 
of C1, C4, and IC1 correct. There is a cross- 
over connection on the underside of the 
board between IC1’s two rows of pins. Put 


_in one of these wires and then cover it over 


with insulation tape at the appropriate 
place so that it is insulated from the wire 
that is taken over the top of it. 

In places there are several wires running 
close together. It is important to keep these 
wires quite taut so that theré is no risk of 
them accidentally short circuiting to one 
another. | 
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The components should fit into virtually 
any small plastic case. The controls and 
SK1 are mounted on the front panel, with 
the circuit board mounted on the base 
panel. I used a 3.5 millimetre jack socket 
for SK1, but virtually any two-way socket 
can be used here. Two single-way sockets 
such as 2 millimetre types are also suitable. 
They might be less fiddly to wire up. 

The board can be mounted on stand- 
offs, or it can be fixed in place using M3 or 
6BA bolts. If it is bolted in place you must 
include short spacers over the mounting 
bolts. Without these, the components will 
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be forced from the circuit board as the 
mounting nuts are tightened! 

The point to point wiring is not too dif- 
ficult. The connections to the board are 
made via the Easiwire plugs which are 
“crimped” onto the leads. The other ends 
of the leads are bound to the component 
tags using the Easiwire “pen”. Note that C5 
is mounted off-board, and is wired direct to 
SK1 and VR1. Take care to connect it the 
right way round as it is a polarised type. 


TESTING 


With the unit switched on and connected 


The last of our Easiwire Free Circuit 
Card projects, but not the least. This 
useful device will find many 


applications. 


SIGNAL tracer is used in much the 

same way as a signal injector (as 

described elsewhere in this issue), 
but I suppose could be regarded as the 
inverse of an injector. Rather than generat- 
ing a signal, it takes a signal from the test 
circuit, amplifies it, and feeds it to a 
loudspeaker. In other words, it is just a 
reasonably sensitive audio power amplifier 
and a loudspeaker. It could be regarded as 
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the electronic equivalent of a stethoscope. 

Apart from use as a signal tracer, this 
unit is one of those general purpose items 
of equipment that no electronics hobbyist 
should be without. A device of this type 
proves to be indispensible on numerous 
occasions when testing projects or just 
dabbling with circuits. It can save hours of 
time being held up by what turns out to be a 
simple problem with a broken socket, short 


to a loudspeaker, headphones, or earpiece 
you should hear the audio output tone. 
Adjustment of VR1 should control the 
volume. With S1 switched to the “RF” 
position the tone will probably still be audi- 
ble. However, it should sound very “thin” 
with most of the fundamental and lower 
harmonics being filtered out. It may be 
barely audible if the output is fed to a low 
impedance loudspeaker. 

A more useful check is to connect a set of 
test leads to the output of the unit, and to 
place the non-earthy lead very close to a 
radio receiver tuned to the long or medium 
wavebands. The radio should pick up the 
harmonics and produce the audio tone 
regardless of the setting of the tuning con- 
trol (except that strong transmissions might 
operate the receiver’s automatic gain 
control circuit and leave the tone barely 
audible). 


USE 


In use the earthy test lead connects to the 
chassis of the piece of equipment being 
checked, and the other test lead is applied 
to the test points. It is best to keep VR1 
well backed off and to only advance it when 
applying a signal to a part of a circuit that 
really requires a high signal level. Other- 
wise there is a risk of the signal breaking 
through to the output and giving mislead- 
ing results. 

One final but important point is that only 
those who are suitably experienced should 
service mains powered equipment. Using 
this device to test mains powered equipment 
that does not incorporate an isolation trans- 
former could prove lethal. O 





circuited plug, etc., as well as sorting out 
more difficult problems. 


TRACING TECHNIQUE 


As when using a signal injector, the basic 
idea of signal tracing is to find a break in the 
signal chain. It is used for testing the same 
types of equipment, which means linear 
circuits having a series of amplifiers or 
other signal processing stages. 

If a signal tracer was used to check the 
test circuit in the Signal Injector article 
(Fig. 1 of that article), the first requirement 
would be that a suitable signal should be 
applied to the input of the circuit. A signal 
tracer must have a signal to trace! This sig- 
nal could be provided by a signal injector or 
generator, but where possible I prefer to 
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Fig. 1. Circuit diagram of the Signal Tracer. 


use the normal signal source for equip- 
ment. One advantage is that this automati- 
cally provides the equipment with an input 
of the correct amplitude. Also, you will not 
always be searching for a complete break in 
the signal path. The problem might be one 
of distortion, and any distortion will prob- 
ably be more noticeable on a speech or 
music signal than on a simple test signal. 

In common with signal injection testing, 
you can start at the input, the output, or in 
the middle. For this example we will 
assume that the starting in the middle 
technique is to be adopted. An acceptable 
first test point would therefore be at the 
junction of C3 and C4 (Fig. 1, Signal Injec- 
tor article). If a suitable signal is detected 
here, then the fault lies at some later point 
in the circuit. If no signal is present at the 
test point, then the fault is here, or at some 
earlier point in the circuit. 

This test point is at the output of a high 
gain amplifier, and it would be reasonable 
to expect a reasonably high signal level 
here. If the volume control of the amplifier 


needs to be advanced more than a few. 


degrees from its minimum setting, this 
would tend to indicate a fault in TR1 and its 
associated components. 

For the sake of this example we will 
assume that the signal is either not 
detected, or is at a grossly inadequate level. 
We must therefore try earlier points in the 
signal path in an attempt to find one that 
does provide a signal. If (say) the signal is 
present at both sides of C1, but appears at 
the collector of TR1 and in subsequent 
stages at only about the same level, this 
would suggest that TR1 is failing to amplify 
the signal properly and is faulty. 

The problem could be due to a fault in 
one of the other components in this part of 
the circuit though. C2 going open circuit or 
not being connected properly would result 
in low gain through TR1. It is easy to test 
for this using the signal tracer, and it is just 
a matter of checking for a signal at the emit- 
ter of TR1. The decoupling effect of C2 
should result in no significant signal here. 

If the signal level at TR1’s emitter is 
much the same as the signal level at its 
base, this would suggest that C2 is not hav- 
ing any effect on the circuit. A signal tracer 
is just as useful for detecting signals where 
there should be none present, as it is for 
finding signals that are “absent without 
leave”! 


CIRCUIT 


There are anumber of small audio power 
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amplifier integrated circuits which could be 
used as the basis for a unit of this type. I 
chose the TBA820M as it is readily avail- 
able, has quite a good specification, and is 
well suited to battery operation. It will 
work on supply voltages as low as three 
volts, and it has a low quiescent current 
consumption of only about four milliamps. 
The full circuit diagram for the Signal 
Tracer appears in Fig. 1. 

The input signal is coupled via d.c. 
blocking capacitor C2 to volume control 
VR1. From here the signal is coupled 
straight into the non-inverting input of IC1. 
No d.c. blocking capacitor is needed here. 
In fact VR1 acts as the input bias resistor 
for IC1, and so it is essential that no input 
coupling capacitor should be used. 

Capacitor C5 provides a small amount of 
high frequency attenuation which aids the 
stability of the circuit. This does not sig- 
nificantly affect the unit’s audio frequency 
response. C4 is a decoupling capacitor that 
helps to avoid problems with instability due 
to feedback through the supply rails (as 
does the main supply decoupling capacitor, 
C3) 


GAIN 


The voltage gain of the circuit is control- 
led by an internal feedback resistor, and 
discrete feedback components R1 and C3. 
The specified value for R1 gives a voltage 
gain approaching 200 times, and an input of 
only about ten millivolts r.m.s. will drive 
the amplifier to full output power. 

In this application there is an advantage 
in high sensitivity and high input impe- 
dance as this enables very weak signals to 
be detected. The gain and input impedance 
could be made higher by raising the value 
of VR1 and reducing the value of R1. The 
specified values probably represent the 
best compromise for these components, 
since boosting the gain and input impe- 
dance would risk instability due to stray 
feedback, and would reduce the output 
quality. The sensitivity is quite good any- 
way. Remember that 10 millivolts is 
needed for full output power, but inputs of 
well under a millivolt will produce a clearly 
audible output. 

Capacitor C6 couples the output signal 
to a high impedance loudspeaker (LS1). 
The maximum output power into a high 
impedance speaker is not very high, and is 
less than 100 milliwatts r.m.s. This should 
be sufficient for the present application, 
but an eight ohm impedance loudspeaker 
can be used if a higher output power is 


COMPONENTS 


Resistors 


ae 2 


0.25 watt 5% carbon cee page 398 


Potentiometer 
VR1 100klog. carbon 


Capacitors 

C1,C3 100 radial elect. 10V 
(2 off) 

C2 470n polyester 7.5mm 
pitch 

C4 47, axial elect. 10V 

C5 180p ceramic plate 

C6 100y axial elect. 10V 

a 220n polyester 7.5mm 
pitch 


Semiconductor 
IC1 TBA820M 


Miscellaneous 

SK1 Standard jack socket 
(see text) 

LS1 64ohmimpedance 
loudspeaker, about 
50-80mm diameter 

B1 9 volt battery (PP3 size) 

$1 S.p.s.t. sub-min toggle 
switch 

Battery connector; 8 pin d.i.l. 

ic. holder; case; Free EE Circuit 
Card or Easiwire board; control 
knob; wire; etc. 


Approx. cost 
Guidance only 


£6 vas: 
case 





requred (at the expense of current con- 
sumption and therefore battery life). R2 
and C7 are needed in order to prevent high 
frequency instability. 

Although the quiescent current con- 
sumption of the circuit is typically only four 
milliamps, the current drain rises signifi- 
cantly at high volume levels. Using a high 
impedance loudspeaker the average cur- 
rent consumption is still only likely to be 
about 10 milliamps or so, and a PP3 size 
battery should be adequate. I would 
recommend a higher capacity type (such as 
six HP7 size cells in a holder) if an eight 
ohm impedance loudspeaker is used. 


CONSTRUCTION 


The circuit and wiring are shown in Fig. 
2—please read the Using Your Circuit 
Cards piece before going ahead with con- 
struction. Assembly of the board presents 
few problems, but be careful to get IC1 and 
the electrolytic capacitors fitted to the. 
board the right way round. 

There are no cross-overs in the under- 
side wiring, but the wire that goes between 
IC1’s two rows of pins comes quite close to 
one of the pins to which it does not (and 
must not) connect. It is advisable to curve it 
slightly so that it is kept well clear of this pin 
(pin 6). It is not necessary to completely 
cover the circuit card with Easiwire double- 
sided adhesive backing material—a small 
piece between IC1’s rows of pins should 
suffice. In fact a small piece of insulation 
tape placed over this wire is probably the 
easiest way of holding it in position. 
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Note that the negative supply rail cannot 
be handled by a single length of wire. How- 
ever, there is no difficulty in fitting the 
main wire and then adding the branch wire 
which carries the earth connection to LS1. 

The unit should fit into most small plastic 
cases, but be careful to choose one that will 
provide sufficient space for the 
loudspeaker. A grille for the loudspeaker 
must be made in the case. The easiest way 
of doing this is to drill a matrix of small 
holes (about five millimetres in diameter 
will suffice). Take care to position the holes 
accurately, as it easy to make a slightly 
sloppy job of this. 
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Fig. 2. Construction of the Signal Tracer. 
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Bi+ Miniature loudspeakers rarely have pro- 
vision for screw fixing. Consequently, it 
will almost certainly have to be glued in 
place using a good quality general purpose 

C5 EE CIRCUIT CARD S] adhesive. Avoid aeactie any ied 
Ae IG IN| /\IL TR ACER onto the diaphragm as this could seriously 
‘ =o : sie ty impair the audio output. 

a - Try to arrange the layout so that the wir- 
sn iil ( 07 “Geammunemmmmmammey po ing to VR1 and SK1 is not intermingled 
be C1 with that to the loudspeaker. This would 

\ encourage stray feedback and instability. 

roe a The input wiring should be kept as short as 

AW oh possible in order to discourage stray feed- 





Ps pee back and the pick up of mains “hum” or 


other interference. I used a standard jack 
for SK1, but any audio connector should 
suffice. You could even just drill an en- 
trance hole for the test leads in the case and 
connect them direct to the circuit board. 


IN USE 


Ideally the test lead should be a screened 
type, such as those used with oscilloscopes. 
Ready-made test leads of this type can be 
quite expensive though, and two ordinary 
(multimeter type) test leads are a lower 
cost solution. With these there will inevita- 
bly be a certain amount of background 
“hum” and other pick up, especially when 
the leads are not connected to a signal 
source, or are connected to a weak high 
source impedance signal. With a little 
ingenuity you will probably be able to 
make up your own screened test leads. 

Connect the earth test lead to the chassis 
of the equipment under test, and connect 
the other lead to the various test points. 
Unless you have the necessary experience 
and are sure you know what you are doing, 
do not try fault finding on mains powered 
equipment. To do so is potentially fatal. 

Although the unit cannot be used to 
measure signal levels and calculate voltage 
gains, you will probably find that after 
some experience using it you will be able to 
roughly gauge whether or not test circuits 
have the correct signal levels. Remember 
that the more VR1 has to be backed off in 
order to prevent overloading, the stronger 
the signal at the test point. 


See 





USING YOUR 
CIRCUIT CARDS 


HE CIRCUIT CARDS attached to the front cover of this issue 
: have been specially designed for easy, solderless 
wire system. 









construction of projects using the BICC-Vero Easi- 
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HOLE PUNCHING 

Carefully remove your Circuit Cards from the cover tak- 
ing care not to damage them, then cut them in half along 
the centre line. Next, using the pointed end of the Easiwire 
unwrap tool, make holes through the board for the com- 
ponent leads. This is best done by placing the Circuit Card, 
component side up on a piece of thick cardboard or a pad 
of scrap paper then push the point through the Circuit 
Card at all the points marked with a “e”. 

Once all the holes are made you can use the Circuit 
Card, as described in the special articles in this issue, to 
build your projects. If you do not have a BICC-Vero Easi- 
wire kit see the special offer on page 441. 
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EKASIWIRE 


ircuit construction the easy way. 


Solderless, quick and easy to learn. That’s Circuigraph 
Easiwire from BICC-VERO. From now on you'll wonder 
why you ever used solder to construct your electronic 
circuits! 


Consider the benefits Easiwire offers: 


You need no solder, no chemicals 

You simply wind the circuit wire around the pins 
You can re-use components 

It's easy to change 

The cost is low 


What's more, Easiwire is ideal for circuit repairs. 


In kit form, Easiwire comes complete with everything you 
need to construct circuits. That includes a wiring pen with 
integral cutter, two reels of wire, a component positioning 
and removal tool — and an instruction book. Of course kit 
items are available separately too. 


‘VERO. 


BICC] ELECTRONICS 
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Take advantage of the special offer price now. Complete 
the coupon below and send it to: 


BICC-VERO Electronics Limited, 
Flanders Road, 

Hedge End, 

Southampton, SO3 3LG. 


or phone 0489 788774 now with your credit card number 


(24-hour answering service) ry — 


Please ruSh M.............ccccscesseeeeseeeee Lasiwire — kits. 
Special offer price £15. — (includes p & p and VAT). 


| enclose cheque/postal Order fOr .............cccccesseseseeeceeees 
made payable to BICC-VERO Electronics Limited. 


CCC Te i a 
Be EOE so ags «cu escse cond Soudan adh Litscoda coeds Teoeabascic cles 
IG ae isco Lo lidenedaviliwe dete ee Se 


PU i oes en ee dc hn Ce as 
-paaialtlccua dake dece eee ivabon ii ci ve oboe OEM dis code Ca a 


SUSTVTIIUIN: 52) coassnescssins s+ endannsarcacavyncectiieeek MUM swells caneees | 
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Constructional Project 


SPECTRUM 











EPROM PROGRAMMER 





KEN TAYLOR 


Construct your own add on EPROM 
Programmer for your Spectrum. Will 
program 2716 to 27128's with the exception 


of 2732. 


S THE uses for EPROMs increase 
A: the prices come down many 

serious computer users find a justifi- 
cation for a programmer. But the commer- 
cial ones aren’t cheap so why not construct 
an add-on unit for your Spectrum? Before 
we start what do you know of the currently 
available UV eraseable EPROMs? 
Perhaps a run through the main features 
would be useful. 


HISTORY 


In the dim past, when most memories 
required three voltages, the 2708 was born. 
It’s only claim to fame was its first two num- 
bers—27. Since then there have been a pro- 
fusion of EPROMs almost all starting with 
these two numbers—with the rest of the 
type number providing information on the 
size and type of the EPROM. 

The next memory to appear was the uni- 
versally popular 2716. This was double the 
capacity, having 2 kilobytes of 8 bit words. 
Now you see what I mean about the ending 
numbers indicating the size. The sequence 
has gone on until the present with 27512 
and the more recent CMOS type 27C1024. 
Although this last EPROM is organised as 
a 64k x 16 bit memory so it does start a 
' change in the rules. 

The next bit of standardization was the 
pin-out. Fig. 1. illustrates the range from 
2716 to 27128 and you can see that although 
they have changed from 24 to 28 pins the 
output signals on the pins have remained 
almost unchanged. This amazing consis- 
tency of both type identification and pin- 
out has applied to almost all of the many 
manufacturers. However before we start to 
celebrate an electronic “first” there is one 
feature which has seen changes. This is the 
programming system. 


PROGRAMMING SYSTEM 


An EPROM memory unit is a transistor 
device with an isolated control gate. Dur- 
ing programming the gate acquires elec- 

trons attracted by the “high” Vpp voltage 
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and this inhibits the output when the cell is 
being read. Thus the programmed cell indi- 
cates a zero and the unprogrammed cell a 
one. 

It is immaterial whether the electron 
charge is built up slowly or acquired in one 
burst as long as the cell is fully charged. So 
the original system of giving one 50mS 
pulse has now changed in favour of a 
number of short pulses with a monitor 
check between each to see if the bit has 
taken. When it has, a few extra pulses are 
given to fully charge the gate. 

Changes have also taken place in the 
value of the programming voltage Vpp. The 
2716 EPROM required 25 volts on the Vpp 
pin but as the chip density increased, cell 
dimensions decreased and to avoid damag- 
ing the cell junction, the voltage has been 
reduced first to 21 volts and latterly to 12.5 
volts. This is a critical voltage and under no 
circumstances must the maximum rating be 
exceeded. 

In fact most manufacturers’ data sheets 
emphasise that even spikes on the Vpp line 
must be eliminated. Which is fine if you 
know the EPROM Vpp voltage but this is 
One parameter not included in the type 
number. Yet even this is being improved, 
for while there is still a problem deciding 
which are which between the 25 and 21 volt 


270128 27C64 27C32 27C16 
27128 2764 2732 2716 


Vpp Vpp = 1 
Ai2 A1i2 — — 2 
A7 A7 A7 AW 3 
A6 A6 A6 A6 4 
A5 A5 A5 A5 5 
A4 A4 A4 A4 6 
A3 A3 A3 A3 7 
A2 A2 A2 A2 8 
Al Al Al Al 9 


D2 B2 D2 D2 13 
GND 


28 PIN 





EPROMs, the 12.5 volt ones are being 
marked with the voltage. 

One last change in the programming 
operation. The 12.5 volt EPROMs require 
that the normal memory supply voltage V¢< 
is increased during programming from 5 to 
6 volts. Thus adding one more requirement 
in the design of the programmer. 

To sum up then, we need to be able to 
program EPROMs from 2716 to 27128 in 
either normal NMOS or CMOS. The 2716 
must be included because there are so 
many in service but in the interest of 
rationalisation we can leave out the 2732 
which would involve a further problem 
switching Vpp. Three Vpp voltages 12.5, 21 
and 25 volts will be required and the prog- 
ram should be able to provide either one 
shot or fast programming pulses. So let’s 
see what the circuitry required for such a 
programmer looks like. 


CIRCUIT OPERATION 


The programmer has two main opera- 
tions; read and program. The read process 
is simply a case of applying an address and 
enabling the EPROM output; but the prog- 
ramming as we have already seen is more 
complex. First the programming voltage 
Vpp (and mabye Vcc) has to be set up, then 
the address and data has to be latched in 
and finally the program pulse has to be out- 
put. This has to be in the correct sense 1.e. 
low high low for 2716 types high low high 
for 2764 and 27128. 

The address and data lines must remain 
latched for the duration of the pulse or the 
programming will fail. But as we need to 
verify the data, the address should stay 
latched at least until the EPROM has been 


[127C16 27C32 27C64 27C128 
2716 2732 2764 27128 | 


r= a vo Vee Vee 

2i/— — PGM PGM 
Vee Vee NC A13 
A8 A8 A8 A8 
AQ AY AQ AY 


Vop All Ail Alt 
OE OE/Vpp OE OE 
A110 A10 A10~ A10 
CE/PGMCE CE CE 


D7 D7 D7 D7 
D6 D6 D6 D6 
D5 D5 D5 D5 
D4 D4 D4 D4 
D3 D3 D3 D3 


Fig. 1. Comparison of EPROM Pin-Outs. 
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Fig. 2. Circuit diagram of the Spectrum EPROM Programmer. 


read and verified. If the data is correct the 
system moves to the next address, or car- 
ries Out the extra pulses if in the fast prog- 
ram mode. 


SUPPLIES 


The circuit to operate this sequence is 
shown in Fig. 2. It connects to the Spec- 
trum expansion port with the connector 
leads on the left and has its own power sup- 
ply. This includes regulated 5 volt and 6 
volt supplies and a Vpp supply which can be 
set to any of the three standard voltages. 
This Vpp voltage is set by switch S3 but is 
controlled by the computer program via 
IC2 pin 31. 
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A high (5 volts) on this line turns on TR1 
which pulls down its collector and the base 
of TR2 thus turning TR2’s output off and 
allowing the TR3 base voltage to be gov- 
erned by the setting of S3a. The use of the 
computer and manual control in this way 
ensures that Vpp is never in excess of 5 volts 
unless programming is in progress. When 
the voltage is increased it is brought up 
slowly by the presence of C4 which pre- 
vents the overshoot that otherwise might 
take place. 

It’s worth mentioning here that to avoid 
any possibility of the Vpp voltage being pre- 
sent without Vcc, the EPROM must never 
be removed unless all the voltages are 


switched off by S1. Switch S3 has the 


further function of switching the EPROM 


Vcc line from 5 to 6 volts (S3c) when Vpp is 
set to 12.5 volts. The 6 volt supply is 
developed from IC6 which is a standard 5 
volt regulator increased by having R4 in its 
common line. 


INTERFACING 


All the computer interfacing including 
the latching of the address and data lines is 
carried out by the two Z80 PIOs. These—in 
case you aren’t familiar with them—each 
have two 8 pin ports which can be set to 
either input or output under the control of 
the computer program. Each PIO is 
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TRANSFORMER 
CONNECTIONS 
10V Baaae out : 
® @@ @ 2O@@ - @@ O@OOO@O@ 
T18E T2490 712 U8 1 T7 TE ETS U12 |U227 U 21 


T17 T1011 T13 T6 T3 -U24 ~U6&7 U23 
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EDGE CONNECTOR 


Fog. 3. P.C.B. lay- 
out and wiring 
shown full size. 
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Resistors 
4k7 (2 off) 
47k 
10k (2 off) 
220 
R5,R6,R7 180(3 off) 
All % watt +5% 


Capacitors 
C1 2200, elect. 16V 

ie, 1000 elect. 16V 
CS 220, elect. 63V 
C4 100u elect. 25V 
C5 4u7 elect. 63V 
C6, C7,C9100n 16V disc 
C10,C12 ceramic (5 off) 
C8 100n 40V ceramic 
C11 22 elect. 100V 
C13 470, elect. 16V 


Semiconductors 
D1, D2, D3, 
D4 1N4001 diode (4 off) 
D5 1N4148 diode 
D6 BZY88 C22 
and C3.6* 
D7 BZY88 C18 
and C3.6* 
BZY88 C9.1 
and C3.6* 
*Zener diodes, see text 
5mm red |.e.d. 
5mm green 
l.e.d. 
5mmyellow * 
l.e.d. 
2N3704 tran-. 
sistors (2 off) 
TIP31 
transistor 
Z80 PIO parallel 
interface (2 off) 
IC3 74LS00 quad 
NAND gate 
IC4 74LS138 
decoder 
7805 5V 1A 
voltage regu- 
lator (2 off) 


IC1,1C2 


IC5,1C6 
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Approx. cost fa 5 
guidance only 


Switches 
$1 d.p.d.t. toggle 
$2 4-pole 3-way rotary 
stop set for 2-way 
$3 3-pole 4-way rotary 
S4 d.p.d.t. toggle 240V 
a.c. rating 


See page 398 


Plugs and sockets 

28 pin zero insertion force (ZIF) 
socket; 14 pin i.c. socket; 16 pin 
i.c. socket; 40 pin i.c. socket (2 
off); 10 pin p.c.b. plugs* 
(2 off); 8 pin p.c.b. plug*; 4 
pin p.c.b. plugs * (2 off); 10 pin 
cable sockets* (2 off); 8 pin cable 
socket*; 4 pin cable sockets* (2 
off); double sided 2x28 way edge 
connector; pin extension p.c.b 
*0.1 pitch plugs and _ sockets 
“Minicon” or similar. 


Miscellaneous 

T1 Multitapped ‘transformer, 
providing a minimum of 30 volts 
a.c. at 1A with a tapping at about 
10 volts. 

Heatsink, size 22x19x19mm 
high; pointer knobs (2 off); ribbon 
cable; l.e.d. clips; board pins; 
small piece of Veroboard for 
mounting ZIF socket (see text); 
plastic box minimum _ internal 
dimensions 210 130x 70mm 
high (see text)—recommended 
box is type M8007 desk console 
237 X 182 x 55/88mm high; 
printed circuit board available 
from EE PCB Service, Code 
EE628; software program tape, 
see Shop Talk. 





uniquely addressed using the Spectrum 
adress lines A3 to A7. Lines A5, A6 and 
A7 are decoded by IC4 and switch cither 
IC1 or IC2. The other two address lines 
select the A or B port and set it to send or 
receive data. 

Outputs from IC1 go to the 13 EPROM 
address lines using both of its ports but 
each of the ports of IC2 has a different 
function. Port A is connected to the 
EPROM data lines and is used to program 
the EPROM or read the contents of the 
stores while port B carries out all the con- 
trol operations. 

The port is set so that lines B1, B3, B4 
and B7 are in the output mode and B6 is 
input. B1 outputs the Chip Enable (CE) 
signal and B3 the Output Enable (OE) sig- 
nal. B4 operates the Vpp voltage while B7 
controls the program pulse. The B6 line is 
pulled high by R8 and switch S3b returns 
this to 0 volts whenever a Vpp voltage is 
selected. The computer monitors this line 
to check the switch status. 

The layout of the switches, indicators 
and zero insertion force (ZIF) socket on 
the top panel of the unit is shown in the 
photographs. The upper switch S2 selects 
the two different connection patterns for 
the EPROMS. As Fig. 1 showed, only pins 
20, 23 and 26 require switching because the 
2716 EPROMs do not occupy the upper 
socket positions and the lower pins are 
common to all the EPROMs. 

The lower switch S3, is the Vpp voltage 
selector. In the off position it shorts TR3’s 
base to 0 volts effectively switching the 
transistor off but in the other positions, one 
of the Zener diodes sets the base voltage 
and therefore the Vpp voltage. S3 is 
mounted between the two indicators D10 
and D11. These are used to indicate “Vep 
ON” and ‘Programming in progress” 
respectively. The ZIF switch S1 isolates the 
EPROM socket by turning off both the 
Vcc and Vpp supplies. The ZIF indicator 
(D9) acting as a second reminder to switch 
off before releasing the ZIF socket lever. 


CONSTRUCTION 


The main components are assembled on 
the p.c.b. shown in Fig. 3. This is obtain- 
able from the EE PCB Service, order code 
EE628. The component layout of the 
board and the links are shown. Sockets are 
recommended for all the i.c.’s and the top 
panel wires should be connected to the 
board with Minicon or ae plugs and 
sockets (A to E). 

The heatsink shown can be replaced with 
a simple aluminium channel if you experi- 
ence any difficulty in obtaining it. Details 
of the Zener diode values are given in the 
next section. 

If cost is a prime consideration the unit 
can be built in an MB6 plastic box although 
you must check that the transformer used 
will fit. It will almost certainly have to be 
fastened on its side, to the side of the box. 
The recommended case is the larger sized 
‘“‘Desk Console’? which is only a few 
pounds extra and, with a sloping top panel, 
has a very professional appearance. How- 
ever the top panel is metal and the only way 
to secure the ZIF socket is by soldering the 
pins. So if you use this type of box, solder 
the ZIF to a piece of Veroboard suitably 
spot faced and fasten the Veroboard over a 
large clearance hole cut in the panel. . 

The transformer used is a multitapped 
one. There are a number available with 
tappings at various voltages. A minimum 
of 30 volts is required for the Vpp supply 
and a tapping at about 10 volts for Vcc. One 
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amp is more than sufficient current for 
both. 


CONNECTOR 


The Spectrum edge connector is wired to 
one side of the p.c.b. and the ribbon cables 
brought out through the side of the box. 
Although it may not look quite as neat it is 
better to cut the hole in the box wide 
enough to pass the connector through. 
However if you use the recommended desk 
console box you will find the base is remov- 
able which greatly simplifies the problem. 
The slot for the cables can be made just 
deep enough to trap them and prevent 
loads on the soldered joints. 

The connector on the prototype has a pin 
extension p.c.b. fitted. This enables an 
additional unit such as the printer interface 
described in the January 1989 copy of EE 
to be connected to the Spectrum. It also 
facilitates the fitting and removal of the 
connector to the Spectrum as it is otherwise 
very difficult to avoid pulling the wires. It is 
sensible therefore to solder either the 
extension p.c.b. or a small piece of Vero- 
board to the connector pins and fasten it 
securely to the connector with a small fillet 
of epoxy resin added sparingly between the 
pins (Fig. 4). The pins and wires can best be 
insulated with a silicon bath or sink sealer. 
This sealer is easy to obtain and it is readily 
removable if a soldered connection has to 
be remade. 

The top panel connections are shown in 
Fig. 5. Layout is not critical but if the box 
you are using is restricted in height make 
sure the switches aren’t going to foul com- 
ponents on the board or the transformer. 
When connecting to the l.e.d.s remember 
the longest leg is the anode. Take care 
when mating the plugs and sockets and 
remember that the A and B, and D and E 
have the same number of pins. Mixing A 
and B will only give wrong addresses but 
mixing D and E could destroy IC2. Pins D1 
and E7 aren’t used so you could make the 
plugs non-interchangeable if you wish. 





CONNECTOR PINS SOLDERED 
TO EDGE CONNECTOR CARD 


CONNECTOR 


EDGE CONNECTOR 


WIRING CONNECTIONS 
TO PROGRAMMER 





Fig. 4. Connection of an edge connector to the main 
connector plug. 


Fig. 5. Front panel wiring. SKE/10 
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REMAINING EPROM 
SOCKET CONNECTIONS 


ZIF CONNECTS 
PIN TOSOCKET 


Z C/6 
3 B/4 
4 B/3 
5 B/2 
6 B/1 
7 A/4 
8 A/3 
9 A/2 
10 A/1 
11 D/2 
12 D/3 
13 D/4 
15 D/5 
16 D/7 
1 ¢ D/8 
18 D/9 
19 D/10 
21 C/4 
24 C/3 


25 C/2 





FINAL ASSEMBLY and 
TESTING 


Connecting the top cover to the p.c.b. 
and, before fitting the i.c.s, check the com- 
plete system, edge connector to1.c. sockets 
and i.c. sockets to ZIF socket. Then con- 
nect the transformer and with the Vpp 
switch set to OFF check the 5 and 6 volt 
supplies and make sure that the Vpp supply 
is at least 28 volts at TR3 collector. With 
IC2 removed TR3 can be turned on by the 
Vpp Switch allowing you to monitor the Vpp 
voltages at pin 1 of the ZIF socket. The 
recommended voltages are 12.5V+0.5V, 
21V+0.5V and 25V+1V. 

Unfortunately Zener diodes are made in 
standard voltages and they vary consider- 
ably depending on their current so the best 
way to get these voltages is by trial and 
error with two Zeners in each position. Use 
a 9.1, 18 and 22 volt with a 3.6V in series in 
each case and check the output voltage—at 
30mA if you can. Use a couple of other 
values e.g. 3.3 volt and 3.9 volt to adjust the 
output if necessary. Finally fit the four 1.c.s 
and the unit should be operational. 


OPERATION 


The Spectrum program for this unit is 
over 15 kilobytes long and is being made 
available on tape—see Shop Talk. How- 
ever, for those of you who wish to write 
your own, data is provided at the end of the 
article to assist. For the rest here is a simple 
system to check out the unit without blow- 
ing up any EPROMs. 

Make up a 28 pin header to fit the ZIF 
socket, with eight resistors of any value 1k 
to 22k. Common one end of all the resistors 
and join the other ends to the Data pinsi.e. 
11, 12, 13, 15, 16, 17, 18 and 19. Now if you 
join the common to pin 28 (Vcc) all the pins 
will be high and will indicate 255, or if 
joined to pin 14 (GND) they will all be low 
and equal to zero. If you use an 8 way d.i.1. 
switch you can set up any value. 

Enter the program given in the software 
section and you will be able to check the 
PIO operation albeit in a simple form. 
Used with the software tape this device will 
enable most of the Main Menu options to 
be checked even ‘‘Program EPROM”’. 


SOFTWARE TAPE 
OPERATION 


The software consists of a Basic program 
operating the menu and the slower manual 


40000 (#9C40) 09 29 AO OO OE 6E DOA 13 
40008 (#9C48) 40 83 4F 29 9C 49 49 49 
40016 (#9C50) BC 1B O01 BA 74 4F 9F O00 
40024 (#9C58) 29 9C 08 OO O1 OO DB 29 
40032 (#9C60) 9E 08 00 00 CC 68 AA 80 
40040 (#9C68) 29 9E O08 40 85 C4 FO O00 
40048 (#9C70) 28 87 00 3F O00 AA 13 CO 
40056 (#9C78) 80 80 80 FF OO 80 O00 FF 
40064 (#9C80) O2 4F 80 FF 00 O00 06 O1 
40072 (#9C88) 57 30 54 68 AA 6F O02 


Fig. 6a. Memory contents. 


ALTER / CHECK MEMORY STORE A 


LOAD MEMORY STORE from BASIC B 


CHECK CONTENTS of EPROM C 
CALL DISASSEMBLER D 
HEX to/from DECIMAL H 
LOAD TAPE into MEMORY , 
PROGRAM EPROM e 
SAVE MEMORY to TAPE Ss 
TRANSFER EPROM into MEMORY T 


4 Enter Code for Item required % 


Fig. 6b. Menu. 
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commands and a machine code program to 
carry out the operations requiring high 
speed. The two programs effectively 
occupy the Spectrum memory up to 
address 40000. Storage of the EPROM 
contents starts at this address and allows 
plenty of room for the 16 kilobytes without 
interfering with the space required for the 
disassembler. 

The machine code consists of a number 
of related programs each one devoted to a 
specific task. Addresses or data entered in 
response to requests in the Basic program 
are loaded into storage addresses for use in 
these machine code programs. Similarly 
information is returned to the Basic prog- 
ram to provide the results of the machine 
code operation. 

To operate the programmer with the 
taped software first connect the program- 
mer to the Spectrum and switch it on. Then 
switch on the Spectrum and Load the prog- 
ram. It checks that the Vpp switch is OFF 
and requests the EPROM type being used. 
Then it presents the main menu shown in 
Fig. 6b and the following is an explanation 
of the options: 


A. Entering here produces a further 
option “S” Screen display or “A” 
Alter. Fig. 6a. illustrates the former 
and the data can be selected ineither 
decimal or hex. “P” will provide a 
print-out—more later—and ENTER 
produces the next block of data. 
Alter displays the selected address 
and requests the new data which is 
then entered. 

B. This is an alternative method of load- 
ing data into consecutive addresses. 

C. A further “C” will display the 
EPROM contents in a similar form to 
that of the memory (Fig. 6a.). An 
“EK” will verify that the EPROM is 
fully erased or will quote the first 
failure address. 

D. The program is compatible: with the 
Hisoft disassembler “Mons” and this 
command transfers to it. 

H. This provides hex to decimal or deci- 
mal to hex conversion. 

L. Loads the tape into the memory 
addresses specified. 
















P. The programming command. Single 
addresses or a block of 16K can be 
loaded. A 50mS or ‘Fast Program”’ 
sequence can be chosen and if the lat- 
ter, any pulse length can be selected 
in |!mS increments and the number of 
pulses at each address can be set. 

S. Saves the selected memory addresses 
onto tape. 

T. The EPROM contents are read and 
transferred into the computer mem- 
ory providing a very fast method of 
duplicating EPROMs. The 2K bytes 
of a 2716 can be transferred in about 
two seconds. 

The program is user friendly, having 
default addresses needing only ENTER to 
select and there is a quick return sequence 
if the program should crash to Spectrum 
Basic. 

The program is written for the parallel 
printer interface and program previously 
articled in EE. If a serial printer is used 
operating from the RS 232 port of Interface 
1 the following mods must be made to the 
program: 

Change line 9993 to read: FORMAT 

“tsb: OPEN #3;“t” where b is the baud 

rate of your printer. The printer auto line 

feed should be OFF. 
Note: Microdrives must be disconnected 
before connecting the unit. 


PROGRAMMING THE UNIT 


Although a comprehensive suite of 
machine code programs is required to effi- 
ciently operate the unit it is possible to 
carry Out many operations with a few sim- 
ple commands. The most essential sub- 
routine is the one used to initiate the sys- 
tem. It must be called whenever the unit is 
switched on BEFORE an EPROM is fitted. 
It sets the PIO’s in a “read” state ready to 
receive further commands. It is given 
below along with a Basic program which 
reads and prints a block of EPROM 
addresses. . 

The “initiate” program is in machine 
code but as it is only 23 bytes long it isn't 
worth providing a code loader. It should be 
poked into memory starting at address 
39168. 
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The code is as follows: 
62, 63, 211, 183, 211, 191, 62, 255, 211, 
223, 62, 101, 211, 223, 62, 127, 211, 215, 
62, 0, 211, 207 & 201. 

The Basic program is: 

10 RANDOMIZE USR 39168 

20 FOR n=0 TO 255 

30 OUT 167,n 

40 PRINT n;”’ ”’;IN 199 

50 NEXT n 

This program reads the first 256 addres- 
ses. For simplicity I have cheated a bit 
because I have only called the “A” port of 
IC1 and relied on all the other address lines 
being zero. For the next 256 addresses you 
would have to increment the “B” port thus: 

OUT 175,1 
and of course both ports should be called 
every time. 

For those of you who want to do your 
own programming here is a list of the PIO 
addresses and commands. 

IC1 
PortA Control 183 Set to Output 63 
Data 167 








PortB Control 191 Setto Output 63 
Data 175 a 
IC2 
PortA Control215 Setto Output 63 or 
Input 127 
Data 199 a 
PortB  Control223 Set to Mode 3 255 
Control 101 This 2nd Control 
word sets:- 
BO, B2, B5 and B6 
to Input 
B1, B3, B4 and B7 
to Output. 
Data 207 


Both Port A and Port B of IC1 are always 
output because they are sending the 
addresses to the EPROM but the ports of 
IC2 both alternate. Port A sends and 
receives the EPROM data and Port B line 6 
Inputs the Vpp switch signal. Line B4 con- 
trols Vpp (output “1”=on), B1 and B3 out- 
put the CE and OE signals respectively 
(both active low) and B7 outputs and sets 
the duration of the PGM program pulse 
which is always low-high-low. 


USING THE PROGRAMMER 


One of the greatest difficulties is deter- 
mining the programming requirements of a 
strange EPROM. Here is my recom- 
mended procedure. 

1. Set Vpp to 12.5 volts and try program- 

ming 00 into a few individual addresses 

with first 1mS for 10 pulses and if that 
fails 10mS for 5 pulses. 

2. If the above fails repeat with 21 volts 

and then 25 volts. 

You could also try a 50mS pulse at the 21 
and 25. volt step. If all this fails, the 
EPROM is probably faulty. 


INTERFACE 1 
AND MICRODRIVES 


Interface 1 can be used with the unit but 
due to a clash of addresses any Microdrive 
must be completely disconnected before 
the unit is fitted. O 





TALK ‘J 


Design Package 

Last month we mentioned the excel- 
lent p.c.b design kit from Kemsoft, this 
month comes news that Number One 
Systems of Huntingdon have won a 
British Design Award for their EASY-PC 
printed circuit board design package. 
The EASY-PC is a computer-aided 
design program that enables prepara- 
tion of p.c.b. masters and also circuit 
diagrams to be produced “on screen” 
before committing to a final printout. 

Aimed at the hobbyist user, they have 
now produced son of EASY-PC. Called 
TINY-PC it operates at about one tenth 
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the speed of “big brother” and has half 
its capacity in terms of number of 
tracks, pads, symbols etc. per board. 
For further information and prices of 
both packages contact: Number One 
Systems, Dept. EE, Harding Way, 
Somersham Road, St. Ives, Hunting- 
don, Cambs, PE17 4WR. @ 0480 61778. 


Capacitor Tester 

We do not expect readers to experi- 
ence any component buying problems 
for the Capacitor Tester project. 

The 10 megohm resistors are listed in 
most component catalogues and can 
certainly be found in the 
one per cent “metal film” 
aie To make up the 100 
megohm resistor R2, which 
3 not available as a single 
| unit, you should, of course, 
follow the authors guide 
lines and wire up ten 10 
megohm resistors in series 


to obtain the required 

value. 

| The CMOS low power op. 
ee ccccvesccccncccce: 1CL7611 may 


| amp type 
prove a little troublesome 
to locate locally, but it is 


currently listed by 
Cricklewood and Omni 


| Electronics. 


| Everyday Electronics is published on the first Friday of |S Spectrum EPROM 


each month and distributed by Seymour. 


| Make sure of your copy of EE each month-—cut out this | 
cece fill it in and hand it to your newsagent. 
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Programmer 

Most of our advertisers 
now carry the Parallel Inter- 
__| face (PIO) chips required 


for the Spectrum EPROM Programmer 
and this should not cause local sourcing 
problems. This also applies to the vari- 
Ous connectors and ribbon cables, 
although the “zero insertion force” soc- 
ket is quite an expensive device. 

The main printed circuit board for the 
programmer is available from the EE 
PCB Service, code EE628 (see page 
409). The small extension printed circuit 
board may be purchased from Maplin 
and should be ordered as part code 
GB81C. 

Special arrangements have been 
made with the designer to supply the 
software tape at a reasonable price 
direct. The cost of this tape is £2 (please 
enclose a sturdy 6in.x4in. stamped 
(34p) addressed envelope) and orders 
should be sent to Mr. K. Taylor, 15 
Lindsay Road, Horfield, Bristol, BS7 
9NP. Overseas readers should add 50p 
to cover additional postage. 


Bat Detector 

The dual-balanced mixer i.c., type 
SL1640C, used in the Bat Detector is 
really intended for applications in radio 
communications and is likely to prove 
quite troublesome in locating a source 
of supply. The one used in our pro- 
totype model was purchased from Cir- 
kit (@ 0992 444111) and should be 
ordered as stock number 61-01640. 

The 40kHz ultrasonic transducer is 
usually sold as part of a pair and some 
advertisers may be persuaded to part 
with single items. However, if readers 
do experience difficulties we under- 
stand that Magenta are prepared to sell 
this device separately. 

The printed circuit board for the Bat 
Detector is available through our PCB 
Service, code EE647 (see page 409). 


Signal Injector/Tracer 

We cannot foresee any component 
buying problems for readers under- 
taking the two Circuit Card projects, Sig- 
nal Injector and Signal Tracer. All com- 
ponents are standard “off-the-shelf” 
items and the circuit cards are attached 
to the front cover of this issue. 

The BICC-Vero “Easiwire” kit is 
stocked by many of our advertisers and 
details of a £1 off Special Offer appear 
on page 411. 
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£1 BARGAIN PACKS BUY 1 0 GET 1 FREE The figure on the extreme left is the Order Number, the 
When ordering please state which pack you require. next column is Quantity/Pack. 

BP043| 30! 4V miniature bulbs, wire ended, new untested 
Sonotone stereo crystal cartridge with 78 and 
LP styli JAPAN made 

Stereo cassette record and play heads 










612” Speaker 80 10 watt 
612” Speaker 40 10 watt 
8x5" Speaker 40 6 watt made by E.M.I. 
































3 
> PRP PD 


BPO14A) 4 | 5" x3" 2 watt 40 speaker JAPAN made . 

BP015 i aati 80 5 watt pene crossover BP046 6-0-6 4VA mains transformers, P.C. mount oo 
30 watts after crossover UK made 

BP016 2200yf can type Electrolytic 25V d.c computer BP047| 1] 24V 750mA mains power supply. Brand new EE STEREO INTEGRATED AMPLIFIER KIT 
grade made in UK by PHILIPS boxed UK made by MULLARD = 30Wx2 (Din 4 ohms) = CD/AUX input 


BP048] 1/| Carrearwindow heater/demister. Self adhesive 
panel, size 24’ x9", complete with switch and 
cable UK made 
(Ideal for your old “Moggy 1000” etc) 

BP049} 10} OC44transistors. Remove paint from top and it 


@ Separate Bass and Treble 8 LED power indicator 
@ Headphone jack. Size HWD 75x 400 x 195. 
PROJECT INC. Pre-drilled case, back printed P.C.B. 
with ALL components. 


computer grade UK made 

2000yf 50V d.c. electrolytic high quality 
computer grade made in USA 

20 ceramic trimmers 






































2 
2 
3 
4 
2 
6 
BP017 | 3 |33000yf 16V d.c. electrolytic high quality 
3 
20 
4 
0 


BP020 Tuning capacitors, 2 gang dielectric a.m. type becomes a photo-electric cell . 

BP021 |10 |3 position, 8 tag slide switch 3 amp rated UK made by MULLARD ALL Ma NEED IS solder, wire and £36.80 plus 
125V a.c. made in USA BP050} 30] Low signal transistors n.p.n., p.n.p. types £3.50forpostage __ nade 

BP022 Push-button switches, push on push off, 2 pole | BPO51| 6| 14 watt output transistors. 3 (Full instructions in 


EVERDAY ELECTRONICS APRIL 1989 issue) 


THE RTC MONITOR Il 
100 WATT SPEAKER KIT £60.00 +£3.50 P&P 


RESPONSE: 55Hz—20kHz 
BASS POLYMER CONE D: 22cm 
DOME TWEETER: 14mm 


complimentary pairs in T066 case 
(Ideal replacement for AD161 and 162s) 

BP052| 8| 3 watt audio output ICs. No TA7205P 
JAPAN made by TOSHIBA 

BP053} 5/| 5 watt audio ICs. No TBA800 (ATEZ) 

BP054/ 10} Motor speed control ICs, as used with most 
cassette and record player motors 

BP055} 1| Digital DVM meter I.C. made by PLESSEY 
as used by THANDAR with diagram 


5 
change over. PC mount JAPAN made 
6 | 2pole 2 way rotary switch UK made by LORLIN 
2 |Right angle, PCB mounting rotary switch, 
4 pole, 3 way rotary switch UK made by LORLIN 
BP025 | 4 |3 pole, 3 way miniature rotary switch with one 
4 
30 















extra position off (open frame YAXLEY type) 
4pole, 2 way rotary switch UK made by LORLIN 
Mixed control knobs 







Slide potentiometers (popular values) 







BP029 Stereo rotary potentiometers BP056| 4/| 7 segment 0.3 LED display (R.E.D.) OVERALL SIZE 
‘BP030 100k wire wound double precision BP057} 8/ Bridge rectifiers, 1 amp, 24V (HWD): 382,252,204mm 
potentiometers UK made BP058/200| Assorted carbon resistors RECOMMENDED AMP 





Single 100k multitune pots, ideal for varicap 
tuners UK made by PHILIPS 


0 

6 

2 

° POWER: 10-100 watts 

BP032 | 4 | UHF varicap tuner heads, unboxed and 

2 

3 

6 

6 

6 





Hi-Fi stereo cassette deck transport mechanism, complete 
with 3 digit rev counter and tape heads, 12V d.c. operation. 




























untested UK made by PHILIPS Unused manufacturers surplus JAPAN made The performance standard achieved in this compact design 
BP033 FM stereo decoder modules with diagram £6.20 +£1.50 P&P 2 at £10 +£2.50 P&P | is distinctively superior to anything else _— at ihe 

UK made by PHILIPS ; price. The drive units used are of sophisticated design an 
BP034 AM IF modules with diagram Garrard stereo record player deck, manual/auto operation, 3 j have been carefully integrated with a Complex Crossover. 

UK made by PHILIPS speed (78, 45, 33). 240V operation. Unused but store soiled { Stereo performance is exceptionally good with a well focus- 
BP035 All metal co-axial aerial plugs £6.50+£2.00 P&P 9 at £10+£3.75 P&P - | sed sound stage and sharp fom of detail. ens bt 
BP036 Fuse holders, panel mounting 20mm type ; throughout the frequency range is low even at quite hig 






RADIO and TV COMPONENTS ACTON LTD power input and this gives a great sense of dynamic range 


and openness especially when used in bi-wired mode. 
21 HIGH STREET, ACTONLONDON W36NG | Supplied with: 2 READY’ cuT BARES: ALL CROSSOVER 
MAIL ORDER TERMS. POSTAL ORDERS and/or CHEQUES | COMPONENTS, 2 B 
with orders. Orders under £20 add £3.00 service charge. Nett HOOK UP WIRE, GRILLE CLOTH, SCREW TERMINALS AND 
monthly accounts to schools, colleges and P.L.C. only. SCREWS. (Featured in Everyday Electronics—May 89 issue) 


ACCESS +VISA. : 
Phone: 01-723 8432 or 01-992 8430 Vellarnen kite fv stock: Gene for eenmogue 
Callers 323 Edgware Road, London W2 ~ Repair your own Hi-Fi speakers. Sends.a.e. for catalogue 


JAPAN made 

In line fuse holders 20mm type 

UK made by BULGIN 

BP038 |20 [5 pin din, 180° chassis socket 

BP039 | 6 |Double phono sockets, Paxolin mounted 

BP040 | 6 |Single phono to phono screen leads 1.2m long 
JAPAN made 

BP041 | 3 {2.8m lengths of 3 core 5 amp mains cable 

BP042 | 2 |Large VU meters JAPAN made 
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LNGUULNU OY 





DOING IT? 





ON RODS PANTOUC! 





THINK that it is true to say that compu- 

ter projects are nowhere near as 
popular as they were a few years ago 
when home computing was at the peak 
of its popularity. Nevertheless, there are 
still plenty of computer projects being 
constructed, and this remains a popular 
aspect of the hobby. There have been 
several bargain computers on sale over 
the last two years or so, and these have 
provided many constructors with a low 
cost means of entering the world of 
computer add-ons. 

| suppose that on the face of it there is 
no difference between a computer pro- 
ject and any other type. This is some- 
thing that really depends on the project 
concerned, but there are terms and 
components which are much used in 
computing but are virtually unused in 
any other field of electronics construc- 
tion. In this month’s Actually Doing It 
article we will consider the building of 
computer add-ons, paying particular 
attention to the unusual components 
and construction techniques which are 
often used in these projects. 


CONNECTORS 

One initial point that is well worth 
making is that a project which connects 
direct to the buses of a computer (which 
generally means one that connects to 


the main expansion bus) is less than 


ideal for a beginner. It is possible to do 
considerable (and very expensive) 
damage to a computer if a mistake is 
made with this type of project. 

In fact modern computer compo- 
nents are quite tolerant to such things 
as short circuits to one or other of the 
supply rails. Even so, a complete begin- 
ner to electronics construction would 
probably be well advised not to start 
with a project of this type. One that con- 
nects to something like a printer, serial, 
or user port is a much safer starting 
point. 

One problem with computer projects 
is getting the right connectors. When | 
first started on computer projects | soon 
accumulated a number of connectors 
where | had mistakenly ordered the 
wrong type, or thought | had ordered 
the wrong thing but had actually been 
sent the wrong type of connector by the 
supplier. 

Fortunately, the connector termi- 
nology now seems alittle more standar- 
dised and matters are not quite so hit 
and miss. On the other hand, there 
seems to be almost as many types of 
computer connector as there are diffe- 
rent computers, and you still need to be 
a bit careful when ordering. 
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EDGE CONNECTOR 

Probably the most common type of 
connector for home computers is the 
so-called ‘‘edge connector’. The male 
connector is the one which is normally 
at the computer end of the system, and 
this is just some fingers of copper at the 
edge and on both sides of the board. 
There are actually such things as single- 
sided edge connectors, but! must admit 
that | have never encountered one. 
Some popular home computers which 
use this type of connector for their 
expansion buses are the Electron 
(2x25-way), Amstrad CPC series 
(2x25-way), Spectrum series (2Xx28- 
way) and ZX81 (2x 23-way). 

Note that a connector having (say) 
two rows of 25 connectors is normally 
referred to as a 2X25-way type rather 
than a 50-way connector. The latter 
would be a single-sided 50-way connec- 
tor. 





Fig. 1. Male edge connector. 


PITCH AND POLARISING 

When ordering connectors there area 
few pitfalls to avoid. One of these is that 
there are various pitches for edge con- 
nectors. Most computer projects seem 
to use the 0.1 inch (2.54 millimetre) 
type, but there are also 0.156 inch and 2 
millimetre types (although the 2mm 
variety do not seem to be listed in any of 
the electronic component catalogues). 
As far as | am aware, the only home 
computer which uses the 0.156 inch 
type is the Commodore VIC-20, and 
these are now a rarity in catalogues. 

Most computer edge connectors are 
designed to take sockets that are fitted 
with a polarising key. This arrangement 
is pretty basic, and just consists of a slit 


interconnections. 


cut into the male connector (Fig. 1) plus 
a metal rod fitted into the female con- 
nector. The rod and slot match up cor- 
rectly and permit the two connectors to 
fit together, but as they are offset from 
centre, this is only the case if the female 
connector is fitted the right way up. 
Since making the connections to an 
expansion bus the wrong way round 
could be decidedly dangerous for the 
computer or the add-on project (or 
both), the use of a connector with the 
correct polarising key has a lot to 
recommend it. It is essential to have a 
polarising key only where one is called 
for, and then to have one in the right 
position. Otherwise the key will “‘lock- 
out” the connector. Where possible it is 
advisable to buy an edge connector that 
is specifically advertised for use with 
the appropriate port of your computer. 
Do not make the classic mistake of 
reversing all the connections so that 
although.the edge connector is fitted to 
the computer the right way up, it is 
effectively up-side-down! All wiring 
should be carefully checked before any 
finished project is switched on and 
tested, but this is especially important 
with computer projects. If you have to 
use an edge connector which does not 
have a polarising key, clearly mark the 
top and bottom edges of the connector. 


MAKING CONNECTIONS 

Most ordinary connectors are made 
for soldered connection of leads to their 
tags. There are alternatives with com- 
puter connectors though, and these are 
designed to make life easier with what 
is very often a very large number of 
These alternatives 
are not_ invariable 
used, and there are 
plenty of computer 
plugs and_ sockets 
which have ordinary 
soldertags. These are 
connected to the 
printed circuit board of 
the project via a piece 
of ribbon cable. As its 
name implies, this is a 
flat, ribbon-like cable, 
which is in effect a 
number of  multi- 
strand insulated wires 
laid side-by-side and 
Key joined with an overall 
plastic sheath. 

You may require 
something like a 28- 
way cable, but only be 
able to obtain 26- or 
30-way cable. The 
answer to this prob- 
lem is to obtain the 30-way type and 
strip off two wires from this in order to 
give the required 28-way type. Ribbon 
cable usually pulls apart without too 
much difficulty, and there should be no 
bother at all in trimming a piece down to 
the required number of ways. 

When making the connections to a 
computer plug or socket the usual rules 
apply. Strip the insulation from the ends 
of all the leads and tin them with solder. 
Then tin all the tags of the connector 
with solder, and only then start making 
the connections. : 

This is inevitably going to bea slightly 
awkward job as there are likely to be 
dozens of connections to make to pins 
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that are only about 2.5 millimetres 
apart. The spacing between rows is not 
usually very great either. 

The solder needs to be used sparingly 
in order to avoid solder-blobs short cir- 
Cuiting adjacent tags, but obviously it 
needs to be used in sufficient quantity 
to produce a good joint. If a short circuit 
should occur, clear away all the solder 
from both tags and start again. 


PROBLEMS 

When wiring up edge connectors | 
have encountered two main problems. 
One of these is simply getting wires 
crossed over. This is where the multi- 
coloured “rainbow” ribbon cable is 
very much better than the monochrome 
variety. It is easy to identify each wire 
and spot any mistakes that are made. 
The “rainbow” ribbon cable is usually a 
little more expensive, but it is probably 
well worth the extra money for this type 
of application. 

Problem number two is that of getting 
to the end of wiring up a connector only 
to find that you are a wire short! What 
can easily happen is that when connect- 
ing one lead you also inadvertently con- 
nect the one next to it to the same tag. 
From there on you are connecting the 
wrong lead to each tag. The only 
remedy if this should happen is to dis- 
connect everything back to the point 
where the mistake was made, and to 
start again from there. 


ON BOARD 

Some edge connectors are intended 
for direct connection to the printed cir- 
cuit board of the add-on project. These 
connectors come in the straight and 
right-angled varieties, as shown in Fig. 
2. With this type of connector the pro- 
ject plugs straight onto the back of the 
computer. This is very neat, but it is a 
method of construction | tend to avoid. 

Having the project attached to the 
rear of the computer does not neces- 
sarily place it where it is convenient in 
use. Perhaps of greater importance, 
reliability is not always all it could be. 
Slight movement of the computer can 
tend to crash the system! Some very 
popular computers and add-ons have 
had severe problems of this type. 

There should be no great difficulty in 
fitting a right angle edge connector to a 
printed circuit board. It is very much like 
fitting a large integrated circuit or other 
multi-pinned component. As with any 
component which has many closely 
spaced pins, take due care not to pro- 
duce any solder bridges. Carefully 
check for and remove any accidental 
short circuits that are produced. 

An important point to watch is that 
the connector is pushed right down 
onto the board before you start solder- 
ing it into place. As pointed out in seve- 
ral previous Actually Doing It articles, it 
is important that any component is 
properly pushed down onto the board 
prior to being soldered into position. 
The physical strength of construction is 
dependent on it. With a gap between 
the body of the component and the 
board, any downwards force on the 
connector tends to rip the copper pads 
and tracks away from the board. 

The large number of pins of an aver- 
age computer connector aids physical 
strength, but this is offset by the con- 
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siderable force that is likely to be 
exerted on some of the pins each time 
the project is fitted to the computer or 
removed from it. 

The straight pinned connectors are a 
bit more tricky. The pins on these are 
often quite long, and may in fact be too 
long for the particular printed circuit 
board you are using. The pins are easily 
trimmed back using wire clippers 
though. As a point of interest, trimming 
the pins back very short will produce a 
connector with what are effectively sim- 
ple soldertags, and which can be con- 
nected to a piece of ribbon cable with- 
out too much difficulty. 

For maximum strength the board 
should be pushed right up to the con- 
nector. The pins will almost certainly 
need to be bent upwards/downwards 
slightly in order to bring them very 
close to the surface of the board. Use 
plenty of solder when connecting each 
pin, and make sure that the connector is 
correctly positioned and aligned when 
making the first few connections. 


Fig. 2. Right angled and 
straight type connectors. 


iDc 

When dealing with computer connec- 
tors you will often encounter the term 
“IDC”. This stands for “Insulation Dis- 
placement Connector’’. It is a slightly 
vague term in that there is a range of 
connectors which go by the name “IDC” 
connectors (as used on the BBC and 
Oric computers for example). It is also a 
general term which can be applied to 
any connector which uses this method 
of connection to the cable. It is a form of 
solderless connector. 

There are rows of small teeth with U 
shaped cutouts on the rear face of the 
component. The spacing of the teeth is 
such that it matches up with the lead 
spacing on the appropriate type of rib- 
bon cable. 

. Fitting the cable to an IDC connector 
is just a matter of pressing one end of 
the cable down onto the teeth and then 
fitting a simple clip mechanism which 
holds the cable in position. The teeth cut 
through the insulation and make reli- 
able connections to the leads in the 
cable. The cable can be pressed into 
place using special tools, but a small 
vice or even just pressing the cable into 


place with the shaft of a large screw- 
driver will normally suffice. 

| have only once encountered tough 
ribbon cable that proved to be difficult 
to fit to an IDC socket. This needed a 
small hammer to press it down into the 
teeth, but this type of thing is usually 
unnecessary. When fitting a cable to an 
IDC connector make sure that the cable 
does not slip sideways one lead out of 
position. This would leave one lead and 
one tooth unconnected, and is easily 
done. If a mistake should be made it is 
not difficult to pull the cable away from 
the connector and then try again. 

Note that it is only the proper (0.05 
inch pitch) IDC ribbon cable that is suit- 
able for use with this type of connector. 
There is a larger type which is not suit- 
able (but which is excellent for the point 
to point wiring of projects). IDC connec- 
tors are often available ready fitted with 
a piece of ribbon cable, and | always 
obtain them in this form whenever 
possible. 





THE REST 

There are several computer connec- 
tors other than the edge and IDC types, 
but these mostly come in the same 
three forms (solder tags, straight or 
right angled printed circuit mounting, 
and IDC). Probably the most common of 
these are the “‘D’” type connectors. 
Amongst other things, these are used 
for Atari(Commodore style games 
ports, the BBC computer’s analogue 
port, and serial/parallel ports on many 
computers. 

A less common type is the DIN41612 
96-way connector (as used on the 
Sinclair QL’s expansion bus). These can 
be a bit confusing as most connectors of 
this type have less than the full 96-ways. 
It is a0.1 inch pitch connector which has 
three rows of 32 terminals. 

However, many types only have one 
or two rows, giving 32 or 64-ways. The 
rows are named “A”, “B”’", and ““C”, and 
a 64-way type can have either wide row 
spacing (an “AC” type) or narrow row 
spacing (‘‘AB” type). Obviously you 
need to know what you need and what 
you are buying when obtaining a 64- 


way DIN41612 connector. 
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REPORTING 
AMATEUR RAID 


DEMONSTRATION STATIONS 

A number of museums around the 
country have demonstration amateur 
radio stations, some using modern 
equipment and some using older his- 
toric sets. Usually run by volunteers, 
these stations offer visitors an oppor- 
tunity to see and hear various aspects of 
amateur radio “in action”, while their 
operators are more than willing to 
answer any questions. 

lf you have occasion to visit the 
Science Museum in London, for 
instance, make a point of visiting station 
GB2SM which has an impressive lay- 
out. The Chalk Pits Museum in West 
Sussex has station, GB2CPM, together 
with historic amateur radio displays. In 
the Isle of Wight, the National Wire- 
less Museum at Newport has the call 
BG3WM;; the Imperial War Musuem at 
Duxford Airfield has GB21WM and HMS 
Belfast near the Tower of London has 
GB2NR. : 

lf you are holidaying in Scotland this 
year look out for the Scottish Tourist 
Board Radio Amateur Expedition 
Group. This group sets up amateur 
radio stations with world wide 
capabilities at historic, scenic, cultural 
or other sites of interest (e.g. famous 
distilleries!) throughout Scotland. 

Operating on behalf of the National 
Trust for Scotland, the Scottish Tourist 
Board, Historic Buildings and Monu- 
ments, and other organisations, they 
aim to make the public more aware of 
the hobby of amateur radio. They oper- 
ate with speech, radio teletype (RTTY), 
Morse (CW), and this year hope to 
demonstrate packet radio as well. They 
set up special explanatory displays for 
visitors and offer special awards to 
other amateur stations who contact 
them over the air. 

They have a very full itinerary map- 
ped out for the coming year. Look out 
for GB2RB (Robert Burns) at Burns 
House Museum, Mauchlin, May 27/28. 
GB2RBC (Royal Balmoral Castle) 
operating, with royal permission, from 
the castle’s stable block, June 24/25. 

An ambitious event will be a Five 
Nations National Trust weekend, with 
stations operating July 29/30 from 
National Trust properties in Scotland, 
Northern Ireland, Wales, England and 
Eire. On August 26/27, the group will be 
at Edradour Distillery, Pitlochry, with 
the call GB2SSD (Scotland’s Smallest 
Distillery) and they are in the process of 
arranging a station to operate at Dum- 
fries and Galloway Aviation Museum 
on September 23/24/25. 

lf you come across any of these 
demonstration stations, don’t hesitate 
to ask the operators or stewards about 
what’s going on. 


ANTENNA DEFINED 
It occurred to me recently that 
although, like most other experimen- 
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ters, | had some knowledge of antenna 
theory which certainly helps when | 
construct and try out a new antenna, | 
didn’t have any formal definition of 
what exactly a transmitting antenna is. 
| dug deep into my textbooks to find 
the following: “It is basically an electri- 
cal circuit. In ordinary circuits the 
dimensions of the components are 
small compared with the wavelength 
corresponding to the frequency in use. 
Most of the electro-magnetic energy 
remains in the circuit to perform some 
specific task, or is converted to heat. 

In a transmitting antenna, the dimen- 
sions of the wiring or the components 
become significant in terms. of 
wavelength and some of the energy 
escapes in the form of radiated electro- 
magnetic waves. Efficient antennas are 
designed to ensure that the major part 
of the energy in the circuit escapes and 
is radiated in this manner.” 

Conventional theory has been much 
the same for many years, with the ideal 
antenna physically dimensioned to 
match the frequency to be used and 
located high in the air (at least half a 
wavelength high) and clear of sur- 
rounding objects. This means, for 
instance, that an antenna for use on the 
80 metre band should, ideally, be about 
40 metres (i.e. half-wavelength) long 
and the same distance in height. 

Because of these large dimensions 
there has always been an interest in 
reducing size without losing too much 
in performance and any number of 
“specials” have emerged over the 
years. | have mentioned some of these 
in previous columns. In all cases how- 
ever, reduction brings some loss or dis- 
advantage compared to a full-size, full 
height, antenna. In some cases, though, 
a properly designed small-size antenna 
can provide satisfactory performance 
where space is limited. 


MAGNETIC LOOP 

There has been a lot of interest 
recently in a type of small antenna 
called a “magnetic loop”. This is widely 
used in professional and military com- 
munications but has only recently been 
seriously considered for use _ by 
amateurs, although individuals have 
been experimenting with and writing 
about various versions over the last 20 
years. 

The amazing thing about this antenna 
is its size. A loop of approximately 
750mm diameter will cover all amateur 
bands 20 metres to 10 metres, without a 
normal antenna tuning unit (ATU), and 
needs to be mounted just 2.5m above 


_ground. By comparison, a standard 


antenna for 20 metres is about 10m long 
and the same distance above ground. 
A loop covering the 80, 40, and 30 
metre bands is about 1.2m diameter, 
again 2.5m above ground. As men- 
tioned, the comparable standard length 
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and height dimension for the 80m bana 
is about 40 metres. 

Conventional theory indicates that 
such miniaturisation will result in an 
antenna which is extremely difficult to 
“load up”, enabling it to radiate radio 
waves without reflecting r.f. energy 
back to the transmitter via the feed line, 
in the form of “standing waves”. Such 
waves can destroy the output stages of 
solid-state transmitters, yet with the 
magnetic loop properly used this does 
not occur. 

The loop is claimed to have a radia- 
tion efficiency not far short of a half- 
wave dipole half a wavelength above 
ground, and a better performance than 
such a dipole less than a_ half 
wavelength high. It is little affected by 
nearby objects so it can be used 
indoors, and on receive there is a sig- 
nificant reduction in electrical interfer- 
ence or from strong transmissions on 
nearby frequencies. 

It does have some disadvantages. 
Being so small it has a very high Q, the 
characteristic that ensures such good 
interference rejection, but this also 
means that the antenna has to be re- 
tuned every time the transmitting fre- 
quency is changed more than a few kHz. 
Additionally, a very high r.f. voltage 
develops across the antenna with a risk 
of r.f. burns so caution needs to be 
observed when using the antenna 
indoors with high power. 


NOT SO EASY TO MAKE 

As can be imagined, this antenna is 
not as simple to make as a classic 
dipole, which can be just a length of 
wire suspended in the air with an elec- 
trical break in the centre to form a feed 
point. The loop is constructed of metal 
tubing about 25mm diameter, and 
requires workshop facilities for satisfac- 
tory construction. The loop is tuned to 
the required frequency by a high-qual- 
ity tuning capacitor linked to a d.c. 
motor, with reduction gear, all mounted 
on the antenna and remotely controlled 
from a control box at the transmitter. 

These loops can be obtained com- 
mercially from Cap. Co Electronics Ltd, 
Unit 6, Peel Road Industrial Centre, Peel 
Road, West Pimbo, Skelmersdale, WN8 
9PT, but they are expensive. The 
smaller 20 to 10 metres version, for 
example, costs about £300, but | believe 
there is a “receive only” model for less 
than £100 for the serious short-wave 
listeners. 

Whether there will be wide-spread 
use of the magnetic loop by amateurs 
remains to be seen. It certainly seems to 
offer a performance never achieved 
before with such small dimensions, and 
ijt could be the answer to the problems 
of limited space. | imagine that as time 
goes on there will be other cheaper ver- 
sions put on the market, perhaps as 
d.i.y. kits. 
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HOW TO GET YOUR 

ELECTRONIC PROJECTS WORKING 

R. A. Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking 
for many of the common faults that can occur when 
building up projects. 

96 pages Order code BP110 £2.50 


HOW TO DESIGN AND MAKE 

YOUR OWN P.C.B.s 

R. A. Penfold 

Deals with the simple methods of copying printed circuit 


The books listed have been 
selected as being of special 
interest to everyone involved in 
electronics and computing. They 
are supplied by mail order direct 
to your door. Full details are 
given on the last book page. 

For another selection of books 
see next month’s issue. 


board designs from magazines and books and covers all 
aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 

80 pages Order code BP121 £2.50 


BEGINNER'S GUIDE TO BUILDING 

ELECTRONIC PROJECTS 

R. A. Penfold 

Shows the complete beginner how to tackle the practical 
side of electronics, so that he or she can confidently build 
the electronic projects that are regularly featured in 
magazines and books. Also includes examples in the 
form of simple projects. 

112 pages Order code No. 227 £2.25 


Beginners Guide to 
Building Electrome 
Projects 


ELECTRONIC SCIENCE PROJECTS 

O. Bishop 

These projects range in complexity from a simple colour 
temperature meter to an infra-red laser. There are novel- 
ties such as an electronic clock regulated by a resonating 
spring, and an oscilloscope with solid-state display. 
There are scientific measuring instruments such as a p 
meter and an electro-cardiometer. All projects have a 
strong scientific flavour. The way they work, and how to 
build and use them are fully explained. 

144 pages Order code BP104 £2.95 
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PRACTICAL ELECTRONIC 
BUILDING BLOCKS-BOOK 1 

PRACTICAL ELECTRONIC 
BUILDING BLOCKS-BOOK 2 


R. A. Penfold 
These books are designed to aid electronic enthusiasts 
who like to experiment with circuits and produce their 
own projects, rather than simply following published 
project designs. 


BOOK 1 contains: Oscillators—sinewave, triangular, 
squarewave, sawtooth, and pulse waveform generators 
operating at audio frequencies. Timers—simple mono- 
stable circuits using i.c.s, the 555 and 7555 devices, etc. 
Miscellaneous—noise generators, rectifiers, compara- 
tors and triggers, etc. 


BOOK 2 contains: Amplifiers—low level discrete and 
Op-amp circuits, voltage and buffer amplifiers including 
d.c. types. Also low-noise audio and voltage controlled 
amplifiers. Filters—high-pass, low-pass, 6, 12, and 24dB 
per octave types. Miscellaneous—i.c. power amplifiers, 
mixers, voltage and current regulators, etc. 


BOOK 1 /28pages Ordercode BP117 £1.95 
BOOK 2 //2pages Ordercode BP118 £1.95 


ELECTRONIC ALARM CIRCUITS MANUAL 
R. M. Marston 
One hundred and forty useful alarm circuits, of a variety 
of types, are shown in this volume. The operating princi- 
ple of each one is explained in concise but comprehen- 
sive terms, and brief construction notes are given where 
necessary. 

Aimed at the practical design engineer, technician and 
experimenter, as well as the electronics student and 


amateur. 
124 pages Order code NE11 £9.95 


DESIGNING DC POWER SUPPLIES 

G. C. Loveday C.Eng MIERE 

Covers all aspects of the design of regulated power units, 
using discretes, i.c. regulators and switched units. It also 
covers protection circuits and reference supplies. Many 
design examples and exercises all with fully worked sol- 


utions are given. 
131 pages Order code BM2 £6.95 
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MODERN OPTO DEVICE PROJECTS 

R.A. Penfold 

In recent years, the range of opto devices available to the 
home constructor has expanded and changed radically. 
These devices now represent one of the more interesting 
areas of modern electronics for the hobbyist to experiment 
in, and many of these devices have useful practical applica- 
tions as well. This book provides a number of practical 
designs which utilize a range of modern opto-electric 
devices, including such things as fibre optics, ultra bright 
\.e.d.s and passive IR detectors etc. 

While many of these designs are not in the “dead simple” 
category, they should be within the capabilities of anyone 
with a reasonable amount of experience in electronics con- 
struction and some of the more simple designs are suitable 
for begintvers. 


104 pages Order code BP194 £2.95 


DIGITAL LOGIC GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and techni- 
cians, seeks to establish a firm foundation in digital elec- 
tronics by treating the topics of gates and flip-flops 
thoroughly and from the beginning. This is not a con- 
structor’s book in the sense of presenting circuits to build 
and use, it is for the user who wants to design and 
troubleshoot digital circuitry with considerably more 
understanding of principles. 

Topics such as Boolean algebra and Karnaugh map- 
ping are explained, demonstrated and used extensively, 
and more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 
200 pages Order code PC106 £8. 


HOW TO USE OP-AMPS 

E. A. Parr 

This book has been written as a designer's guide 
covering many operational amplifiers, serving both as a 
source book of circuits and a reference book for design 
calculations. The approach has been made as non- 
mathematical as possible. 

160 pages Order code BP88 £2.95 


MICRO INTERFACING CIRCUITS-BOOK 1 
MICRO INTERFACING CIRCUITS-BOOK 2 
R. A. Penfold 
Both books include practical circuits together with details 
of the circuit operation and useful background informa- 
tion. Any special constructional points are covered but 
p.c.b. layouts and other detailed constructional informa- 
tion are not included. 

Book 1 is mainly concerned with getting signals in and 
out of the computer;. Book 2 deals primarily with circuits 
for practical applications. 


Book 1112 pages Order code BP130 £2.25 
Book 2 112 pages Order code BP131 £2.75 
SENSORS AND TRANSDUCERS 


Keith Brindley 

There are a considerable number of transducers. Look 
through any electronic components catalogue and you'll 
find a wide variety of types, and each type has many ver- 
sions. It’s not easy to choose a transducer correctly for a 
particular function. In many specifications, terms and 
procedures are referred to which might deter you from 
using one that is, in fact, the best for the job. Yet, opting 
to use a transducer merely because it is easier to inter- 
face into the measuring system is not the answer. A 
greater knowledge of all types of transducers capable of 
doing the task is the ideal, and only then can a totally 
setiatectory decision be made to use one in particular. 
176 pages Order code NE17 £12.95 


ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF 
ROBOTS 

Robert Penfold 

Robots and robotics offer one of the most interesting areas 
for the electronics hobbyist to experiment in. Today the 
mechanical side of robots is not too difficult, as there are 
robotics kits and a wide range of mechanical components 
available. The micro controller is not too much of a problem 
either, since the software need not be terribly complex and 
ow inexpensive home computers are well suited to the 
task. 

The main stumbling block for most would-be robot builders 
is the electronics to interface the computer to the motors, 
and the sensors which provide feedback from the robot to 
the computer. The purpose of this book is to explain and 
provide some relatively simple electronic circuits which 
bridge this gap. 

92 pages Order code BP179 £2.95 


50 SIMPLE LED CIRCUITS 

R. N. Soar 

Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components—the light-emitting diode (LED). Also in- 
cludes circuits for the 707 common anode display 

64 pages Order Code BP42 £1.95 
BOOK 2 50 more |.e.d. circuits Order code BP87 £1.35 


ELECTRONICS SIMPLIFIED 

—CRYSTAL SET CONSTRUCTION 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

Especially written for those who wish to participate in the 
intricacies of electronics more through practical con- 
struction than by theoretical study. It is designed for all 
ages upwards from the day one can read intelligently and 
handle simple tools. 

80 pages Order Code BP92 £1.75 
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ELECTRONICS TEACH-IN 

Michael Tooley BA and David Whitfield MA MSc 
CEng MIEE (published by Everyday Electronics) 

This value for money EE book provides a comprehensive 
background to modern electronics including test gear 
projects. A complete course in basic electronics; designed 


for the complete newcomer it will however also be of value’ 


to those with some previous experience of electronics. 
Wherever possible the course is related to “real life’ 
working circuits and each part includes a set of detailed 
practical assignments. Includes details of eight items of 
related test gear giving full constructional information and 
diagrams for each one. They are: Safe Power Supply; 
Universal LCR Bridge; Diode/Transistor Tester; Audio 
Signal Tracer; Audio Signal Generator; RF Signal 
Generator; FET Voltmeter; Pulse Generator. An excellent 
companion for anyone interested in electronics and 
invaluable for those taking G.C.S.E. and BTEC electronics 
courses. 

104 pages (A4 size) Order code EE/T-I! £1.95 


FROM ATOMS TO AMPERES 

F. A. Wilson 

Explains in crystal clear terms the absolute fundamen- 
tals behind electricity and electronics. Really helps you 
to discover and understand the subject, perhaps for the 
first time ever. 

Have you ever: Wondered about the true link between 
electricity and magnetism? Felt you could never under- 
stand the work of Einstein, Newton, Boltzmann, Planck 
and other early scientists? Just accepted that an electron 
is like a little black ball? Got mixed up with e.m.f. and 
p.d.? Thought the idea of holes in semiconductors is a bit 
much? 

Then help is at hand with this inexpensive book, in as 
simple a way as possible and without too much complex 
mathematics and formulae. 

244 pages Order code BP254 £3.50 


BEGINNERS GUIDE TO MICROPROCESSORS 

E.A. Parr 

An excellent grounding in microprocessors, this book is 
broadly relevent to the whole of our Introducing 
Microprocessors course. It is easy to read and well 
illustrated. 

224 pages Order code NE03 £5.95 





ELECTRONICS TEACH-IN 88/89— 

INTRODUCING MICROPROCESSORS 

Mike Tooley BA (published by Everyday Electronics) 

A complete course that can lead successful readers to 
the award of a City and Guilds Certificate in Introductory 
Rycroprocesacts (726/303). The book contains every- 
thing you need to know including full details on register- 
ing for assessment, etc. 

80 pages (A4 size) Order code TI-88/89 £2.45 


NEWNES ELECTRONICS 

POCKET BOOK 

E. A. Parr 

Newnes Electronics Pocket Book has been in print for 
over twenty years and has covered the development of 
electronics from valve to semiconductor technology and 
from transistors to LSI integrated circuits and micro- 
processors. To keep up to date with the rapidly changing 
world of electronics, continuous revision has been 
necessary. This new Fifth Edition takes account of recent 
changes and includes material suggested by readers of 
previous editions. New descriptions of op.amp. applica- 
tions and the design of digital circuits have been added, 
along with a totally new chapter on computing, plus 
other revisions throughout. 

315 pages (hard cover) Order Code NEO2 £9.95 
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eet = =RECOMMENDED READING 


FOR INTRODUCING 
DIGITAL ELECTRONICS 


ELECTRONICS-— A “MADE SIMPLE” BOOK 

G. H. Olsen 

This book provides excellent background reading for our 
Introducing Digital Electronics series and will be of interest 
to everyone studying electronics. The subject is simply ex- 
plained and well illustrated and the book assumes only a 
very basic knowledge of electricity. 

330 pages Order code NE10 £4.95 


ELECTRONIC HOBBYISTS HANDBOOK 

R.A. Penfold 

Provides an inexpensive single source of easily located 
information that the amateur electronics enthusiast is likely 
to need for the day-to-day pursuance of this fascinating 
hobby. Covers common component colour codes. Details 
the characteristics and pinouts of many popular 
semiconductor devices, including various types of logic 
ICs, operational amplifiers, transistors, FETs, unijunctions, 
diodes, rectifiers, SCRs, diacs, triacs, regulators and 
SMDs, etc. Illustrates many useful types of circuits, such 
as timers and oscillators, audio amplifiers and filters, as 
well as including a separate section on power supplies. 
Also contains a multitude of other useful data. 

88 pages Order code BP233 £4.95 


ESSENTIAL THEORY FOR THE 

ELECTRONICS HOBBYIST 

G. T. Rubaroe, T.Eng (C.E.I.), Assoc.1.E.R.E. 

The object of this book is to supply the hobbyist with a 
background knowledge tailored to meet his or her 
specific requirements and the author has brought to- 
gether the relevant material and presented it in a readable 
manner with minimum recourse to mathematics. 

128 pages Order Code 228 £2.50 


PRACTICAL DIGITAL ELECTRONICS HANDBOOK 

Mike Tooley (Published in association with Everyday Elec- 
tronics) 

The vast majority of modern electronic systems rely heavily 
on the application of digital electronics, and the Practical 
Digital Electronics Handbook aims to provide readers with 
a practically based introduction to this subject. The book 
will prove invaluable to anyone involved with the design, 
manufacture or servicing of digital circuitry, as well as to 
those wishing to update their knowledge of modern digital 
devices and techniques. Contents: Introduction to 
integrated circuits; basic logic gates; monostable and 
bistable devices; timers; microprocessors; memories; input 
and output devices; interfaces; microprocessor buses. 
Appendix 1: Data. Appendix 2: Digital test gear projects; 
tools and test equipment; regulated bench power supply; 
logic probe; logic pulser; versatile pulse generator; digital 
IC tester; current tracer; audio logic tracer; RS-232C 
breakout box; versatile digital counter/frequency meter. 
Appendix 3: The oscilloscope. Appendix 4: Suggested 
reading. Appendix 5: Further study. 

208 pages Order code PC100 £6.95 
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NEWNES COMPUTER ENGINEER'S 
POCKETBOOK 

Michael Tooley 

An invaluable compendium of facts, figures, circuits and 
data, indispensable to the designer, student, service 
engineer and all those interested in computer and 
microcomputer systems. It will appeal equally to the 
hardware or software specialist and to the new band of 
‘software engineers’’. This first edition covers a vast 
range of subjects at a practical level, with the necessary 
explanatory text. The data is presented in a succinct and 
rapidly accessible form so that the book can become part 
of an everyday toolkit. 

205 pages (hard cover) Ordercode NEO1 £8.95 


GETTING THE MOST FROM YOUR PRINTER 

J. W. Penfold 

Details how to use all the features provided on most dot- 
matrix printers from programs and popular word proces- 
sor packages like Wordwise, Visawrite and Quill, etc. 
i exactly what must be typed in to achieve a given 
effect. 

96 pages Order Code BP181 £2.95 


AN INTRODUCTION TO Z80 MACHINE CODE 

R. A. & J. W. Penfold 

Takes the reader through the basics of microprocessors 
and machine code programming with no previous know- 
ledge of these being assumed. The Z80 is used in many 
popular home computers and simple programming ex- 
amples are given for Z80-based machines including the 
Sinclair ZX-81 and Spectrum, Memotech and the Am- 
strad CPC 464. Also applicable to the Amstrad CPC 664 
and 6128. 

144 pages Order code BP152 £2.75 
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AN INTRODUCTION TO PROGRAMMING THE 
ACORN ELECTRON 

R.A. & J. W. Penfold 

Designed to help the reader learn more about program- 
ming and to make best use of the Electron’s many 
features. Adds considerably to the information already 
supplied in the manufacturer's own instruction manual. 
144 pages Order code BP142 £1.95 


AN INTRODUCTION TO PROGRAMMING THE 
ATARI 600/800 XL 

R. A. & J. W. Penfold 

Especially written to supplement the manufacturer's own 
handbook. The information supplied will help the reader 
to master BASIC programming and to make best use of 
the Atari's many powerful features. 

128 pages Order code BP 143 £1.95 


AN INTRODUCTION TO PROGRAMMING THE 
SINCLAIR QL 

R.A. & J. W. Penfold 

Helps the reader to make best use of the fantastic Sinclair 
QL’s almost unlimited range of features. Designed to 
complement the manufacturer's handbook. 

112 pages Order code BP150 £1.95 


A Z80 WORKSHOP MANUAL 

E. A. Parr, B.Sc., C.Eng., M.1.E.E. 

This book is intended for ‘gone who wish to progress 
beyond the stage of BASIC programming to topics such 
as machine code and assembly language programming, 
or need hardware details of a Z80 based computer. 

192 pages Order Code BP112 £3.50 


A CONCISE INTRODUCTION TO MS-DOS 

N. Kantaris 

This guide is writen with the non-expert, busy person in 
mind and, as such, it has an underlying structure based 
on “what you need to know first, appears first’’. 
Nonetheless, the guide is also designed to be circular, 
which means that you don’t have to start at the begin- 
ning and go to the end. The more experienced user can 
start from any section. 

The guide covers versions 3.0, 3.1 and 3.2 of both PC- 
DOS and MS-DOS as implemented by IBM and other 
manufacturers of “compatible” microcomputers, 
including the AMSTRAD PC's. It covers both floppy disc- 
based systems and hard disc-based systems. 

64 pages Order code BP232 £2.95 


AN INTRODUCTION TO 68000 ASSEMBLY 
LANGUAGE 

R. A. & J. W. Penfold 

Obtain a vast increase in running speed by writing 
programs for 68000 based micros such as the Commo- 
dore Amiga, Atari ST range or Apple Macintosh range 
etc., in assembly language. It is not as difficult as one 
might think and this book covers the fundamentals. 

112 pages Order code BP184 £2.95 


THE ART OF PROGRAMMING THE ZX 
SPECTRUM 

M. James, B.Sc., M.B.C.S. 

It is one thing to have learnt how to use all the 
Spectrum's commands and functions, but a very differ- 
ent one to be able to combine them into programs that 
do exactly what you want them to. This is just what this 
book is all about—teaching you the art of effective 
programming with your Spectrum. 

144 pages Order code BP119 £2.50 
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BEGINNER’S GUIDE TO HI-FI 

lan Sinclair 

The Beginner’s Guide to Hi-Fi will appeal to the audio 
enthusiast, whether newly won over by advances in tech- 
nology or well established and wondering whether to up- 
date equipment. The book deals with the sound from its 
sources in the studio to its ultimate end in your ears, and 
shows what sound is, how it is recorded and how it is repro- 
duced. 

Every aspect of Hi-Fi, from pickup cartridges to loudspeak- 
ers, has been covered, and the emphasis has been on ex- 
plaining design aims. Cassette systems have been given 
considerable prominence, including the more modern Dolby 
C and dbx noise reduction systems. The CD record has been 
covered in detail so that you can find out just why this 
system of sound reproduction is so superior. 

194 pages Order Code NE07 £5.95 


DATA & COMPONENT 
IDENTIFICATION 


HOW TO IDENTIFY UNMARKED ICs 

K. H. Recorr 

Shows the reader how, with just a test-meter, to go 
about recording the particular signature. of an unmarked 
i.c. which should enable the i.c. to then be identified with 
reference to manufacturers’ or other data. An i.c. 
signature is a specially plotted chart produced by mea- 
suring the resistances between all terminal pairs of ani.c. 
Chart Order code BP101 £0.95 


INTERNATIONAL DIODE 

EQUIVALENTS GUIDE 

A. Michaels 

Designed to help the user in finding possible substitutes 
for a large selection of the many different types of diodes 
that are available. Besides simple rectifier diodes, also 
included are Zener diodes, |.e.d.s, diacs, triacs, thyris- 
tors, OCls, photo and display diodes. 
144 pages Order code BP108 £2.25 


LINEAR IC EQUIVALENTS 

AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular 
selection of European, American and Japanese linear 
i.c.s. Also includes details of functions, manufacturer 
and country of origin. 


320 pages Temporarily out of print 


RADIO AND ELECTRONIC COLOUR CODES AND 
DATA CHART 

B. B. Babani 

Although this chart was first published in 1971 it 
provides basic information on many colour codes in use 
throughout the world, for most radio and electronic 
components. Includes resistors, capacitors, transfor- 
mers, field coils, fuses, battery leads, speakers, etc. It is 
particularly useful for finding the values of old 


components. 
Chart Order code BP7 £0.95 AT 
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AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 

V. Capel 

This book explores the various features, good points 
and snags of speaker designs. It examines the whys 
and wherefores so that the reader can understand 
the principles involved and so make an informed 
choice of design, or even design loudspeaker en- 
closures for him or herself. Crossover units are also 
explained, the various types, how they work, the dis- 
tortions they produce and how to avoid them. 
Finally, there is a step-by-step description of the 
construction of the Kapellmeister loudspeaker 


enclosure. 
148 pages Order Code BP256 £2.95 


MUSICAL APPLICATIONS OF THE ATARI ST’s 
R. A. Penfold 
The Atari ST’s are now firmly established as the comput- 


ers to use for electronic music applications. The range 


and sophistication of these applications are much grea- 
ter than most people may realise, but there are still a lot 
of misconceptions about just what can and cannot be 
achieved. This book will help you sort out the fact from 
the fallacy and to get the most musically from the ST's. 
A wide selection of topics are covered, including the 
internal sound chip; MIDI; applications programs such 
as sequencing and score writing, etc; simple but useful 
add-on projects and MIDI programming. 
90 pages Order code BP246 £5.95 


A OR, 
TESTING & TEST GEAR 


TRANSISTOR RADIO FAULT-FINDING CHART 
C. E. Miller 

Used properly, should enable the reader to trace most 
common faults reasonably quickly. Across the top of the 
chart will be found four rectangles containing brief 
description of these faults, vis—sound weak but undis- 
torted, set dead, sound low or distorted and background 
noises. One then selects the most appropriate of these 
and following the arrows, carries out the suggested 
checks in sequence until the fault is cleared. 

Chart Order code BP70 £0.95 


OSCILLOSCOPES: HOW TO USE THEM—HOW THEY WORK 
lan Hickman 

Oscilloscopes are essential tools for checking circuit oper- 
ation and diagnosing faults, and an enormous range of mod- 
els is available. But which is the right ‘scope for a particular 
application? Which features are essential, which not so 
important? What techniques will get the best out of the 
instrument? 

lan Hickman, experienced in both professional and hobbyist 
electronics, has revised this well-established book to help all 
oscilloscope users—and potential users. 

133 pages Order code NEO9 £6.95 


PRACTICAL MIDI HANDBOOK 

R.A. Penfold 

The Musical Instrument Digital Interface (MIDI) is sur- 
rounded by a great deal of misunderstanding, and many of 
the user manuals that accompany MIDI equipment are quite 
incomprehensible to the reader. 

The Practical MIDI Handbook is aimed primarily at 
musicians, enthusiasts and technicians who want to exploit 
the vast capabilities of MIDI, but who have no previous 
knowledge of electronics or computing. The majority of the 
book is devoted to an explanation of what MIDI can do and 
how to exploit it to the full, with practical advice on connec- 
ting up a MIDI system and getting it to work, as well as 
deciphering the technical information in those equipment : 


manuals. 
128 pages Order code PC101 £5.95 
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INTERNATIONAL RADIO STATIONS GUIDE 

P. Shore 

Provides the casual listener, amateur radio DXer and the 
professional radio monitor with an essential reference work 
designed to guide him or her around the ever more complex 
radio bands. This new edition has been completely revised 
and rewritten and incorporates much more information 
which is divided into the following sections: 

Listening to Short Wave Radio; ITU Country Codes; World- 
wide Short Wave Radio Stations; European, Middle East and 
North African Long Wave Radio Stations; European, Near 
East and North African Medium Wave Radio Stations; Cana- 
dian Medium Wave Radio Stations; USA Medium Wave 
Radio Stations; Broadcasts in English; Programmes for 
DXers and Short Wave Listeners; UK FM Radio Stations; 
Time differences from GMT; Abbreviations; Wavelength/F- 


requency Conversion. 
320 pages Order code BP255 £4.95 


AERIAL PROJECTS 

R. A. Penfold 

The subject of aerials is vast but in this book the author 
has considered practical aerial designs, including active, 
loop and ferrite aerials which give good performances 
and are relatively simple and inexpensive to build. The 
complex theory and mathematics of aerial design have 
been avoided. 

Also included are constructional details of a number of 
aerial accessories including a pre-selector, attenuator, 
filters and tuning unit. 

96 pages Order code BP105 £2.50 
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AN INTRODUCTION TO SATELLITE TELEVISION 

F.A. Wilson 

As a definitive introduction to the subject this book is pre- 
sented on two levels. For the absolute beginner or anyone 
thinking about purchasing or hiring a satellite TV system, the 
story is told as simply as such a complex one can be in the 
main text. 

For the professional engineer, electronics enthusiast, stu- 
dent or others with technical backgrounds, there are numer- 
Ous appendices backing up the main text with additional 
technical and scientific detail formulae, calculations, tables 
etc. 

There is also plenty for the DIY enthusiast with practical 
advice on choosing and installing the most problematic part 
of the system —the dish antenna. 

104 pages Order Code BP195 £5.95 


COMMUNICATION 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

A look at the electronic fundamentals over the whole of 
the communication scene. This book aims to teach the 
important elements of each branch of the subject in a 
style as interesting and practical as possible. While not 
getting involved in the more complicated theory and 
mathematics, most of the modern transmission system 
techniques are examined including line, microwave, 
submarine, satellite and digital multiplex systems, radio 
and telegraphy. To assist in understanding these more 
thoroughly, chapters on signal processing, the electro- 
magnetic wave, networks and transmissions assess- 
ment are included, finally a short chapter on optical 


transmission. 
256 pages Order Code BP89 £2.95 
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OFAR in this series of articles the 1MHz 

Bus has received relatively little atten- 
tion. We will now rectify matters with an 
in-depth look at this port, and its pos- 
sibilities for user add-ons. As we will see, 
these possibilities are substantial. 

The 1MHz Bus certainly offers much 
greater expansion potential than user and 
analogue ports. In theory at any rate, 
dozens of add-ons could be simultaneously 
connected to and operated from this port. 


The Buses 

Connection details for the 1MHz Bus 
have been provided in a couple of previous 
Beeb Micro articles, including the last one, 
and so this diagram will not be provided 
again here. This is a list of the 1MHz Bus 
pin functions: 


PIN FUNCTION PIN FUNCTION 


1 GND 18 DO 
2 R/W 19 D1 
3 GND 20 D2 
4 1MHz Clock 21 D3 
5 GND 22 D4 
6 NNMI 23 D5 
7 GND 24 D6 
8 NIRQ 25 D7 
9 GND 26 GND 
10 NPGFC 27 AO 
11 GND 28 Al 
12 NPGFD 29 A2 
13 GND 30 A3 
14 NRST 31 A4 
15 GND 32 A5 
16 AUDIOIN 33 A6 
17 GND 34 A7 


The 1MHz Bus provides most of the lines 
you would expect to find on the expansion 
port of a 6502 based computer. One of 
these is the 1MHz clock signal. This could 
be useful for add-ons that require an accu- 
rate clock signal which can be derived from 
the 1MHz signal. This signal is also needed 
by many standard 65** and 68** series 
peripheral devices. 

Although the 6502 in the BBC comput- 
ers operates with 2MHz a clock signal, 
some internal circuitry reduces the clock 
speed to 1MHz when input/output devices 
are accessed. This enables standard 1MHz 
65** and 68** peripherals to be used within 
the computer. This includes the 6522 VIA 
which provides the user port lines, and the 
1MHz Bus is also run at the lower rate 
(from which its name is derived). 

The eight bit data bus is available, and 
this is obtained from the microprocessor 
bus via a bidirectional tristate buffer. This 
provides the port with plenty of drive, and 
ensures that it does not heavily load any 
input devices connected to it. 

Another important point in favour of 
this buffering is that it reduces the risk of 
any serious internal damage to the compu- 
ter in the event of a fault in any add-on con- 
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nected to the 1MHz Bus, or if a device is 
connected incorrectly. Many of the other 
lines are also buffered incidentally. 

There are the usual control and interrupt 
lines available. NRST provides a negative 
reset pulse at switch-on, and when the 
BREAK key is pressed. The usual read/ 
write and two interrupt lines are included, 
but the latter are really only something for 
experienced users. There is a useful audio 
input, or “analogue” input as it is some- 
times confusingly called in Acorn litera- 
ture. 

Addressing 

Only the eight least significant address 
lines are available, but these are all that are 
needed as the upper eight address lines are 
decoded by internal circuits of the compu- 


ter. The decoded outputs are NPGFC and 


NPGFD, which pulse low when any 
address in pages &FC and &FD (respec- 
tively) are accessed. This gives two pages of 
256 addresses for expansion purposes, 
which should be considerably more than 
enough to satisfy even the most ambitious 
BBC add-on builder. 

On the BBC model B both of these lines 
tend to suffer from spurious pulses which 
can result in unreliable results with most 
add-ons. This problem can be overcome by 
adding a simple clean-up circuit (which was 
provided in the previous Beeb Micro arti- 
cle). Note that this circuit is not needed 
with the Master 128 computer. 

In order to make use of all 512 available 


' addresses a considerable amount of 


address decoding would have to be applied 
to NPGFC, NPGFD, and AO to A7. In 
most cases only one or two decoded out- 
puts will be needed, and it is then quite in 
order to use NPGFC and NPGFD without 
any decoding of the eight available address 
lines. 

Acorn have divided up pages &FC and 
&FD into areas which are given over to 





specific purposes, but this is not to say that 
you have to keep within their guidelines. 
You should certainly do so if you wish to 
connect commercial add-ons to the 1MHz 
Bus, and to also have your own circuits 
connected to this port at the same time. 

Probably most users will not wish to do 
this, and will only fit their own circuits to 
this port, or will only have commercial add- 
ons or their circuits connected to it at any 
one time. Anyway, details of how this 
address range has been divided up are pro- 
vided below: 


ADDRESS ASSIGNMENT 
&FCO0-&FCOF TestHardware 
&FC10-&FC13 Teletext 
&FC14-&FC1F Prestel 
&FC20-&FC27 IEEE488 
&FC30-&FC3F Cambridge Ring 
&FC80-&FC8F TestHardware 


&FCCO-&FCFE User Add-ons 


&FCFF Extended Page 
Register 
&FDOO-&FDFF Extended Page 
Memory 


At first sight this may seem to be a bit 
restrictive, since out of some 512 addres- 
ses only 63 are available for user add-ons. 
If you should decide to keep within these 
guidelines, then | think it is unlikely that this 
would really prove to be a serious limita- 
tion. After all, this is sufficient address 
space for up to three 6522 VIAs, with suffi- 
cient spare address range for a few 6821s 
and 6850s. The main problem if you 
adhere to this system is that it will necessi- 
tate the use of some additional address 
decoding. 


Paging Jim 

For reasons best known to themselves, 
Acorn decided that page &FC should be 
called “Fred”, and page &FD should be 
called “Jim”. While Fred is intended for 


NPGFD O——————"—>> Enable 


NPGFC O 








AO To A7 


From 1MHz 
Bus 


DO To D7 


Address 


Decoder 


To Extended 
Memory Circuit 


AO To A7/ 


Fig. 1. The basic method of using the 1MHz Bus to provide 64K of 


extended memory. 
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use with a number of add-on devices, Jim is 
intended to provide 256 pages of extended 
memory. An extra 64k of memory in other 
words. 

It does this in conjunction with the 
uppermost address (&FCFF) in Fred. Jim 
on its own only provides 256 addresses, but 
the idea is to switch between various banks 
(or pages) of 256 addresses using the 
extended page register (address & FCFF). 

In other words, you have an arrange- 
ment like Fig. 1, where an address decoder 
and latch provide an 8-bit output from 
address &FCFF. This is used as the upper 
eight address lines for the extended mem- 
ory. You write to ?&FCFF the value for the 
eight most significant address lines, and 
then read/write at addresses in Jim 
(?&FD00 to ?&FDFF). 

The eight least significant address lines 
act as such for the extended memory, with 
‘NPGFD being used to activate this mem- 
ory when the appropriate address range is 
accessed. The bottom 32k of this extended 
memory is reserved for system use, but the 
upper 32k is free for user applications. 

Like all forms of memory which extend 
the limits of the microprocessor, this sys- 
tem is relatively slow. It is not aided by the 
fact that each block of extended RAM is 
just 256 bytes. Most other systems operate 
with a block size of something more like 
16k, like the BBC computer’s sideways 
RAM. In practice you are unlikely to 
bother with this form of extended memory, 
and page &FD is then available for other 
purposes, as is address & FCFF. 

Various other recommendations about 
devices connected to the 1MHz Bus are 
made by Acorn. One of these is that each 
device should load the bus by no more than 
LS TTL input. Also, devices which connect 


Z80A MICROCONTROLLER 


A low cost single board micro-system providing all the requirements needed 
for many applications in industrial, experimental and educational fields | 


Just some of its extensive features include: 
* Z80A CPU operating at 4MHz 


* EPROM socket—jumper link selectable as 2, 4, 8, 16 or 32K 


accepts 2716/2732/2764/27128/27256 EPROMS 


* RAM socket—jumper link selectable as 2, 8, 32K 
accepts 6116/6264/62256 CMOS static RAMS— battery back up included 
INPUT/OUTPUT—2 Z80A PIOs providing 32 programmable I/O lines 
HARDWARE COUNTER/TIMER~—a Z80A CTC providing four independant 


counter/timer circuits 


Expansion boards available—DtoA, 8 channel AtoD, RS232 serial I/O etc 


Full documentation and user notes 


Z80A Single Board Controller fitted with 2Kx8 CMOS static RAM 
ONLY £94.95+ VAT— BUILT AND TESTED!! 


kk kk kk kk kk 


Specialising in microprocessor data logging and control applications, we 
provide a complete service covering any or all of the stages from initial 
hardware and software design through manufacture to final installation. 


Phone/send for full details—OEM, trade and overseas enquiries welcome 


SM ENGINEERING 
Telephone 0323-766262 
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to this port should have their own mains 
power supply unit. 

This explains the lack of any power sup- 
ply output on the 1MHz Bus. The recom- 
mended connecting lead length is 600 mil- 
limetres, and add-ons should have a stan- 
dard 1MHz Bus socket so that a series of 
devices can be strung together using the 
“chain” (series) method of connection. 

It is obviously important for producers of 
commercial add-ons to adhere to the 
Acorn recommendations, to ensure that 
their units are, as far as reasonably possi- 
ble, compatible with other 1MHz Bus add- 
ons. The home constructor is free to decide 
for his or herself whether or not to follow 
these recommendations. 

If you have lots of add-ons on other 
ports, including disk drives powered from 
the power port, trying to power 1MHz Bus 
add-ons from the computer would proba- 
bly be a bit risky. On the other hand, if you 
only have a couple of small add-ons con- 
nected to the user and analogue power 
ports, plus self-powered disk drives or a 
cassette based system, it is perfectly accept- 
able to power 1MHz Bus add-ons from the 
computer. 

Tapping off power from one of the other 
ports should not prove to be difficult. Simi- 
larly, there would seem to be no point in 
providing a 1MHz Bus for other peripher- 
als if you only intend to use a single device 
on this port. 


Expansion 

This is something you have to weigh-up 
and decide for yourself. The 1MHz Bus not 
only has tremendous expansion potential, 
but it is easy to use if you take a few short 
cuts such as minimal address decoding. 

As an example, standard chips in the 65* 
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*and 68** series of peripherals can be 
interfaced to this port with little or no extra 
circuitry being required. Basically you just 
connect each terminal of the peripheral 
chip to the corresponding line on the IMHz 
Bus. 

Either NPGFC or NPGFD should be 
used to drive a negative chip select input of 
the peripheral chip, or a positive chip select 
input should be driven from one of these 
lines via an inverter. Any other chip select 
inputs should be wired to their active logic 
levels. 

In this way it is possible to connect two 
peripheral devices to the 1MHz Bus with- 
out the need for any additional address 
decoding. One device occupies page &FC 
while the other occupies page &FD. Of 
course, with the BBC model B computer, 
clean-up circuits are needed for both the 
decoded page-select outputs of the port, 
but this requires nothing more than a 
couple of quad gate integrated circuits cost- 
ing a few pence each. 

Peripheral chips not intended for use 
with the 6502 microprocessor might not be 
so easily interfaced to this port. Where pos- 
sible it is probably best to use 68** or 65** 
series peripheral chips rather than those for 
(say) the 8080 series of microprocessors. 

However, most computer peripherals 
can be interfaced to the 1MHz Bus, includ- 
ing such things as UARTs, analogue to 
digital converters, and digital to analogue 
converters. Like any general purpose com- 
puter expansion bus, you can interface 
practically anything to it. 


Next Month: We will take a detailed look 
at ways of connecting a range of peripheral 
devices to this port, and using them in prac- 
tice. 
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FORGOTTEN DREAMS 


HE short history of the small robot is 

littered with the bright hopes and 
dreams of investors and inventors 
which have come to nothing. Colne 
Robotics with the Armdroid, L. W. 
Staines and their Ogres and IGR’s Zero 
are only a few examples of products 
which briefly shone before they were 
eclipsed. 

Armdroid was more a “‘now-you-see- 
me-now-you-don't” as a variety of com- 
panies attempted to keep it on the mar- 
ket. It is in a ““you-don’t” phase at the 
moment but that is not to say that it will 
not reappear in the near future. 

Even some of those robots which 
have survived have had a far from easy 
time. Valiant Research had to become 
Valiant Technology in order for the 
turtle to continue. | 


“RETURN” 

Now, after disappearing for a number 
of years Remcon’s Teach Robot has 
returned to the scene. The basic 
hardware is much the same but this 
time it is being offered completely built 
instead of as a kit and it is linking its for- 
tunes to the various versions of the IBM 
PC, 

Another change is that it is being 
offered this time as part of a package, 
the other components comprising an 
interface and control software. 

Geoff Chapman of Remcon said that 
he thought the time was now right for 
another effort at making the machine a 
success. He emphasised that the Teach 
Robot had not disappeared in the inter- 
vening period. Sales, though not at the 
level of its first year, had been steady to 
various parts of the world. 

It had been decided to give it an extra 
push when the IBM software and inter- 
face had become available. At a price of 
about £1,000, the West German-built 
arm has five axes plus gripper. The fea- 
ture which sets this arm apart from the 
rest is that four axes are driven by linear 
rams. The rams are driven by lead 
screws but Remcon says that they are 
representative of hydraulic or pneuma- 


tic rams as used in full-size industrial . 


machines. , ; 

The rams, which work on the waist, 
shoulder, arm and wrist up and down, 
are powered by d.c. motors with optical 
shaft encoders to provide feedback. 
Waist rotation and gripper movements 
are driven by worm and worm wheel. 
All axes have limit switches and ramp- 
ing facilities to prevent damage and 
provide smooth movement. 

Movement can be limited by the use 
of the rams and the shoulder, arm and 
wrist up and down can move through 
only 90 degrees. The waist on the origi- 
nal machines also only had 90 degrees 
of movement but this has been 
increased to 270 degrees. The wrist can 
also turn through 270 degrees and the 
gripper can open 180 degrees. It can 
carry a maximum load of 200 gms. 
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INTERFACE 

When the robot first appeared about 
five years ago it was offered with a 
general interface and a limited amount 
of software, centred on the Spectrum. It 
could also be controlled by a keypad. 

Chapman said that there had been an 
attempt to get BBC software so as to be 
able to enter the education market but 
the German software house did not 
show much interest as the BBC did not 
have a large market outside Britain. 

He thought that the decision to link 
the arm to IBM and IBM XT and AT com- 
patibles would make it much more 
appealing. There are also plans for 
creating a work cell—the conveyor is 
ready but other items are still at the 
design stage. It is hoped that there 
might be something to show at the CDT 
exhibition in the autumn. 

Remcon claims the software has been 
developed to give a simple and user 
friendly system. To enable inexperi- 
enced users to get an idea of how the 
system works the sotware contains a 
short “demo” program showing simul- 
taneous and single step operation. 

A double-sided interface card plugs 
into any of the free ports of the compu- 
ter. They do not interfere with the work- 
ing of the computer allowing it to be 
used for other purposes while the card 
is plugged in. 

Chapman said that software was 
being developed to allow eight arms to 
be controlled at the same time. That 
would require eight cards to be plugged 
into the port. 

As usual programs can be saved, 
edited and downloaded to and from the 
disc storage. The system provides for a 
screen display of the programs stored, 
the display being in three sections, one 
across the top of the screen with two 
columns beneath. 

The left-hand column shows the 
program being run, with a cursor indi- 
cating the part of the program in opera- 
tion. The top section gives the state of 
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The Remcon Teach Robot is “driven” by an IBM PC and XT or AT compatibles. 






P 





the six motors, both the called for posi- 
tion and the actual position. The rest 
supplies information on the various key 
functions. Remcom says that know- 
ledgeable users should be able to 
change this section so as to show their 
own required information. 


ATARI/ROBOKIT 

As mentioned by Richard Pawson in 
his interview (EE September 1988) the 
Atari version of his company’s-—Per- 
sonal Robots Ltd—Robokit robotic 
development and teaching system is 
now available from Atari, or its dis- 
tributors, at a cost of about £80. 

For that users, and it is said to be ideal 
for secondary schools, get an interface 
for the ST range, 520 and 1020, to drive 
d.c. motors, lights and solenoids, plus 
eight inputs for microswitches or sim- 
ple sensors and two inputs for micro- 
switches or simple sensors and two out- 
puts for Lego Technic shaft encoders, a 
manual and software. The manual con- 
tains instructions for building five pro- 
jects from Lego Technic. 

The company says that it is the 
software which really sets the system 
apart from the rest. It is based on the 
larger, more complex version which 
has been developed over four years ata 
cost of £1.2m. Making use of the Gem 
interface it starts with a picture of the 
model on screen, control is effected by 
adding control icons and assigning 
messages to them. From there it is pos- 
sible to move onto building sequences 
of messages and developing event- 
driven applications. 

During the next two years a number 
of add-on packages are planned includ- 
ing a vision processing system. A more 
complex version, Professional Robokit, 
is being prepared and, at a cost of about 
£2,000 for the software, is expected to 
go on sale in 1990. As might be 
expected from the price it is thought to 
be most suitable for universities and 
commercial development laboratories. 


SB. 
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PCB SERVICE 


Printed circuit boards for certain constructional projects (up to two years old) 
are available from the PCB Service, see list. These are fabricated in glass 
fibre, and are fully drilled and roller tinned. All prices include VAT and 
postage and packing. Add £1 per board for overseas airmail. Remittances 
should be sent to: The PCB Service, Everyday Electronics Editorial Offices, 6 
Church Street, Wimborne, Dorset BH21 1JH. Cheques should be crossed and 
made payable to Everyday Electronics (Payment in £ sterling only.) 

Readers are advised to check with prices appearing in the current 
issue before ordering. . 

NOTE: Boards for older projects—not listed here-can often be obtained from 
Magenta Electronics, 135 Hunter St., Burton-on-Trent, Staffs DE14 2ST. Tel: 
0283 65435 or Lake Electronics, 7 Middleton Close, Nuthall, Nottingham 
NG16 1BX. Tel: 0602 382509. 








NOTE: please allow 28 days for delivery. We can only supply boards 
listed in the latest issue. Boards can only be supplied by mail order 


and on a payment with order basis. 
Order Code | Cost 


PROJECT TITLE 


Light Rider-Lapel Badge - OCT ’s6- 
—Disco Lights 
—Chaser Light 


Modem Tone Decoder — NOV ‘86 - 
200MHz Digital Frequency Meter 


Dual Reading Thermometer 

Automatic Car Alarm 

BBC 16K Sideways RAM 
(Software Cassette) 


Random Light Unit — JAN ‘87 - 


Car Voltage Monitor — FEB ‘87 - 
Mini Amp 

Video Guard 

Spectrum 1/O 

Spectrum Speech Synthesiser 













- DEC ‘86 - 













Computer Buffer/Interface : 
Infra Red Alarm : Sensor Head - MAR — ‘87 
PSU/Relay Driver 


Alarm Thermometer — APR ’87 - 
Experimental Speech Recognition 
Bulb Life Extender 









Mini Disco Light — JUNE ‘87 - 
Visual Guitar/Instrument Tuner 


Fermostat — JULY ‘87 - 


EE Buccaneer Metal Detector 
Monomix 
















-AUG ‘87 - 
Super Sound Adaptor Main Board 
PSU Board 
Simple Shortwave Radio, Tuner 
Amplifier 












Noise Gate — SEPT ‘87 - 
Burst Fire Mains Controller 
Electronic Analogue/Digital Multimeter 


Transtest — OCT 87 - 
Video Controller 





























Accented Metronome — NOV ‘87 - 582 
Acoustic Probe 584 
BBC Sideways RAM/ROM 585 
Pseudo Echo Unit — DEC ‘87 - 586 
Dual Mains Light Flasher 587 
Twinkling Star 588 
Audio Sine Wave Generator 589 
Capacitance Meter — JAN ‘88 - 590 
Bench Amplifier 591 
| Transistor Curve Tracer 592 
Bench Power Supply Unit 593 
Game Timer 583 
Semiconductor Tester — MAR ‘88 - 594 
SOS Alert 595 
Guitar/Keyboard Envelope Shaper 596 
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Stereo Noise Gate — APR ‘88 - 
Pipe & Cable Locator 
inductive Proximity Detector 











Multi-Channel Remote Light Dimmer 
Transmitter 
Receiver - MAY ‘88 - 







Door Sentinel 
Function Generator—Main Board 

Function Generator—Power Supply 
Super Sound Effects Generator 







Multi-Channel Remote Light Dimmer 
Relay/Decoder 
Dimmer Board 
Power Supply 
Mother Board 

Headlight Reminder 


Video Wiper — JULY ‘88 - 
lsolink 


Tea Tune — AUG ‘88 - 
Time Switch 








- JUNE ’88 - 




















Eprom Eraser 










Doorbell Delay 
Micro Alarm 
Infra-Red Object Counter 


- NOV ’88 - 













Transmitter 
Receiver ee 
Display 


Seashell Sea Synthesiser 


Reaction Timer 
Main Board 
Display board 

Downbeat Metronome 

EPROM Programmer (On Spec) 

Phasor 


Monkey/Hunter Game — JAN ‘89 — 


Continuity Tester -—FEB’89— 
4-Channel Light Dimmer 
Mini PSU 


Sound-to-Light Interface 






- DEC ‘88 - 

























Midi Pedal -MAR ‘89- 
Midi Merge 
-Audio Lead Tester 










Light Sentinel -APR ’89- 







Main Control Board 

Remote Interface (4 boards) : 

Electron User Port 638 é 
4-Channel Auto-Fader Interface 642 £6.80 
{Pet Scarer -MAY ‘89- | 644 £2.84 
Electron A/D Interface 645 £4.84 
Spectrum EPROM Programmer 628 £7.87 
Bat Detector -JUNE ’89- 647 £4.95 


e 
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| 

EE PRINTED CIRCUIT BOARD SERVICE 
| Please send me the following p.c.b.s. 
| Make cheques/PO payable to: Everyday Electronics 
| - (payment in £ sterling only) 


| 
| 
Order Code Project Quantity Price | 
: | 
| SOSSSH SB BSHS FESS SSESeeeseseeseesseaseseeeeseese SPesescaesessssessesssscaseecesnassseuns Ww } 
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| a 
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| ss cag OS LEE SAARI IEE ISS eR RCE NORTE CLOT S | 
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Please allow 28 days for delivery o 
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DOWN TO 
BARI 


BY GEORGE HYLTON 
Salil 





7 
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LINEARIZING RECTIFIERS 


Wier tor often have special 
scales for their lowest a.c. voltage 
ranges. The scale markings are not 
evenly spaced, but become progres- 
sively closer towards the zero end. (See 
Fig. 1). The explanation lies in the 
behaviour of the built-in rectifier which 
changes a.c. to the d.c. required to give 
a meter reading. 

The semiconductor diodes used for 
this job have voltage/current charac- 
teristics of the general shape indicated. 
If a very low d.c. voltage is applied with 
the polarity which tends to make the 
diode conduct (often called a forward 
‘voltage, as opposed to the reverse or 
inverse voltage which inhibit conduc- 
tion) nothing happens. 

As the forward voltage is increased, 
current begins to flow. Further 
increases produce even more current. 

If the straight portion of the curve is 
extended downwards it cuts the voltage 
axis at a particular forward voltage, 
called the forward Zener voltage. This 
varies with the material and fabrication 
method used for the diode. 

For a normal silicon junction diode at 
room temperature it’s about 700mV. 
For a silicon Schottky diode it’s about 
half this, for a germanium junction 
about 240mV and for an old-fashioned 
copper oxide rectifier about 100mV. 
Point-contact diodes give more 
rounded curves with a much less pro- 
nounced “knee”. 


RECTIFICATION 

When a.c. voltages are applied (as 
shown below the graph) very small vol- 
tages have no perceptible effect. At 
intermediate voltages there is some 
conduction near the positive peaks, 
where the voltage begins to get into the 
knee region. At high voltages there is 
conduction over most of each positive 
half cycle. 

This explains the meter scale. Sup- 
pose the voltage range is 10V full-scale. . 
Large inputs (say over 3V) produce con- 
duction over most of the positive half 
cycles and the current is controlled by 
the range-setting resistance R1. 

With small inputs such as 1V conduc- 
tion occurs only near the peaks and the 
pointer deflection is less than it would 
be with a perfect rectifier. (A perfect 


410 


diode, in this sense, would offer no 
resistance to forward voltages, how- 
ever small, and infinite resistance to 
reverse voltages, large or small.) 

On high-voltage ranges (such as 100V 
full scale) virtually all readable voltages 


are large enough to clear the knee and. 


the scale markings are most regular. In 
fact, for high voltages the same mark- 
ings are often used for both a.c. and d.c. 

The diagram Fig. 1 shows sine wave 
inputs. For other waveforms the 
response is different but the effect of the 
knee is always present to some extent. 
Asymmetrical waves, where the posi- 
tive half cycles have a different shape 
from the negative may give different 
meter readings when the meter leads 
are reversed (if the rectifier is half-wave 
as shown). There’s something to be 
said for measuring both ways then 
averaging the result. 


BIASING 

One way to improve matters is to 
apply a small d.c. forward bias to the 
diode. Suppose this sets the working 
point to PR Then a small a.c. signal can 
produce a significant current. Of course, 
the meter shows a small deflection 
when there’s no input but this can be 
tolerated. 

A problem is that diodes are strongly 
affected by temperature. A bias voltage 
that is right at 20°C will give too much 
current at 30°C and not enough at 10°C. 

So biasing isn’t the complete answer. 
One possibility is to use a transformer 
to step up low a.c. voltages so that they 
become high enough to lie in the linear 
part of the characteristic. 


Fig. 1. Diode characteristics. 
Small forward voltages are 
not sufficient to cause con- 
duction. When a sine wave is 
applied current flows over a 
portion of the positive half 
cycles which increases with 


signal amplitude. This exp-~ 2 


lains why a.c. meter scales 
are cramped at the low vol- 
tage end. 


This works, but the effect of the trans- 
former is to reduce the impedance of 
the meter to the input signal. This may 
lead to low readings when the meter is 
used on a high impedance circuit. A 
good transformer is also expensive. 


AUTOMATIC BIAS 

The effect of these considerations on 
design is that the lowest a.c. voltage 
range on the cheaper sort of meter is 
around 10V full-scale, and a specially 
calibrated scale is used for this 10V 
range. In electronics, however, it is 
often desirable to measure a.c. voltages 
down to a few millivolts. 

Some sort of automatic bias system 
which adjusts itself precisely to the sig- 
nal level and gives perfect compensa- 
tion for the knee of the diode curve 
would be very handy. This is a tall order 
for a simple passive multimeter but as 
soon as the meter is made active, by 
incorporating an amplifier, the problem 
is greatly eased. 

With an amplifier small voltages can 
be boosted into large ones without the 
sort of penalties incurred by using 
transformers. Also, there is a circuit 
trick which has much the same effect as 
the wished-for automatic biassing. 

In Fig. 2, back-to-back diodes are con- 


nected as the negative feedback path of 


a difference amplifier such as an op. 
amp. When a diode is non-conductive 
its high resistance blocks the feedback 
path. With no negative feedback the 
amplifier gives its full normal gain. 
When a large signal is applied the 
diodes conduct, closing the negative 
feedback loop and since feedback is 


CURRENT 


foe 


pa 
METER SCALE 


VOLTAGE 





Fig. 2. Diodes as feedback controllers. The amplifier gives normal gain until the out- 
put signal overcomes the diode “knee” voltage and D1 or D2 conducts. The feedback 
path is then completed and gain falls to 1. The effect is to place each half-cycle of out- 
put on a pedestal equal to the knee voltage, if this output is rectified by other diodes 
it gives an almost exact measure of the signal amplitude. 
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now 100 per cent reducing the gain to 1. 
The effect of the diodes is to permit nor- 
mal gain until the knee voltage is 
reached then reduce gain to 1. 

Suppose the signal is 100mV peak 
and the amplifier gain is 100, and the 
knee voltage is 500mV. As the signal 
wave rises from the zero line full gain is 
then obtained until the output reaches 
500mV, when gain falls to 1. 

With our values, an input of 5mV 
gives 500mV output. So the first 5mV of 
our 100mV signal is fully amplified and 
the other 95mV is not, appearing at the 
output as a replica of the input wave. 
The effect of all this is to produce an out- 
put wave in which each half cycle of the 
input stands on a pedestal equal to the 
knee voltage. 

If this output is now applied to diodes 
identical with D1 and D2 the voltage 
pedestals overcome the knee almost 
instantaneously and conduction then 
follows a replica of the input wave. In 
other words, the diode feedback 
arrangement creates something very 
like the automatic bias we've been look- 
ing for. 


PRACTICAL CIRCUITS 

In describing the principal | have as 
usual made some simplifying assump- 
tions. One is that the knee is abrupt, 
when in practice of course it is gradual. 

In practice, however, the Fig. 2 type of 
circuit works very much as described. 
The important thing is that in effect the 
knee voltage is reduced by the gain of 
the amplifier. A number of practical cir- 
cuits exist in which this is made use of to 
make rectifiers give a more faithful 
response to a.c. signals. 

One very convenient arrangement is 
shown in Fig. 3. This is just a familiar 
class-B complementary output stage 
driven by an op. amp. Negative feed- 
back is taken from the load R, to the 


inverting input. To get there the feed- 
back has to have passed through the 
base-emitter junctions of the output 
pair TR1 and TR2. 

These junctions are of course diodes 
and so the circuit behaves like Fig. 2 as 
far as feedback is concerned and large 
signals are subject to a gain of 1. The 
load current is Vout/Ri, and this is the 
same as Vin/RL when gain is 1. 

The complementary output stage is 
unbiassed so there is no standing cur- 
rent through the transistors. The meter 
in the collector of TR2 reads zero. 

When a signal large enough to over- 
come the knee voltage arrives, TR1 and 
TR2 conduct on alternate half cycles. 
Each transistor thus acts as a half wave 
rectifier. The meter reads half the load 
current. 

As before, only a tiny portion of a 
large signal is lost in overcoming the 





Fig. 3. Practical active rectifier, negative 
feedback stabilizes the gain and 
linearizes the transistor base—emitter 
characteristic. 


knee voltage. Once overcome, the 
amplifier is gain stabilized by the nega- 
tive feedback and this evens out the fre- 
quency response. 

So long as the amplifier has enough 
gain the rectification is linearized. In 
practice this means that with an ordi- 
nary op. amp performance just begins 
to fall off towards the upper frequency 
limit of the audio band. 


RANGE SETTING 

The op. amp acts as a buffer with a 
fairly high input impedance. Range set- 
ting can be carried out with a voltage 
divider at the input, giving a constant 
input resistance on all ranges. 

The current in R1 is the input/output 
voltage divided by R1. Since TR2, which 
supplies the meter current, carries only 
alternative half cycles the meter current 
is half the load current. It can be set to 
whatever the meter needs (within 
reason) by selecting or adjusting R1. 

Suppose the input voltage at full scale 
is to be 1V and the meter takes 1mA at 
full scale. Then the load must carry 
2mA. 

At first sight this seems to call for a 
load resistance of 500 ohms. However, 
this is true only for square wave signals. 
For sine waves load current is less than. 
2mA away from the peaks and the value 
of R1 has to be reduced to about 0.9 
times the apparent resistance to allow 
for this. 

The diode D1 across the meter is not 
for rectifying but for meter protection. If 
the voltage across the meter coil resis- 
tance exceeds the knee voltage D1 con- 
ducts and bypasses the meter. With 
some meters it will pay to increase the 
coil resistance by adding a series resis- 
tance so that D1 comes on earlier. With 
others, D1 may conduct too soon and to 
avoid this two diodes in series may be 
needed. 








EE EASIWIRE OFFER—£1 OFF 
Please send me one Easiwire kit price £14 inclusive 


| enclose cheque/postal order for f.......... 
BICC-VERO Electronics Limited 


Please debit my credit card as follows: | 
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1 OFF FOR EE READERS 








The BICC-Vero Easiwire kit allows you to build projects 
with a simple solderless wire wrapping system that is 


‘becoming very popular with hobbyists and in education. 


The system allows re-use of the components and it is easy 
to correct wiring mistakes with the special unwrap tool 
provided. 

The kit contains a high quality wiring pen with spool of 
wire and a built-in spring loaded wire cutter, a double- 
ended unwrapping tool, a universal punched flexible 
injection moulded wiring board, plus a pack of spring 
loaded terminals, a spare spool of wire (approx. 40m 
long), instruction booklet and two sheets of self adhesive 
material to hold the wiring in place. 

The system was reviewed by Robert Penfold in our June 
1988 issue and has now been used as the construction 
medium for a range of eight projects for which Circuit 
Cards have been presented. 

To take advantage of our “£1 off offer to EE readers” 
you must send the coupon (correctly filled-in) together 
with your payment of £14 (including VAT and postage) to: 
BICC-Vero Electronics Ltd., (EE Special Offer Dept.) Flan- 
ders Road, Hedge End, Southampton, SO3 3LG. 
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EVERYDAY 


ELECTRONICS 


Reach effectively and economicall 
through our semi-display and classi 








y today’s enthusiasts anxious to know of your products and services 
fied pages. The prepaid rate for semi-display spaces is £8.00 (plus VAT) 


per single column centimetre (minimum 2.5 cm). The prepaid rate for classified advertisements is 30 pence 
(plus VAT) per word (minimum 12 words). 
All cheques, postal orders, etc., to be made payable to Everyday Electronics. VAT must be added. Advertise- 


ments, together with remittance, s 


ics, 6 Church Street, Wimborne, Dorset BH21 1JH. Tel: (0202) 881749. 





Electronic Components 












A & G ELECTRONICS LTD. 


If you are buying Electronic Components 
elsewhere you are almost certainly paying 
too much! Write to us for a free 1989 
catalogue and start saving money. (Please 
send two 19p stamps towards postage.) 
100 Park Avenue, London E6 2SR 
Tel 01-552 2386 


WALTONS OF WOLVERHAMPTON 


Established since 1947 — offering a 
complete range — |.C.s, transformers, 
switches, pots, capacitors, resistors, kits, 
speakers, test equipment, books and lots, 
lots more! 

COME AND SEE US AT: MON-SAT $-6.00 pm 
55A WORCESTER STREET, 
WOLVERHAMPTON TEL: 0802 22039 










ELECTRONIC COMPONENTS 
EVERYTHING FOR YOUR NEXT PROJECT 


THE BIGGES ee Y IN THE SOUTH 
ISA 


FRASER ELECTRONICS 


42 ELM GROVE *« SOUTHSEA * 
| HANTS 
mz Telephone 0705-815584 KN 






















ROS VARIABLE VOLTAGE 8.0. BENCH POWER SUPPLY 


1 to 24 volts up to /2 amp. 1 to 20 volts up to 1 amp. 1 to 16 volts 
up to 112 amps A.C. Fully stabilised. Twin panel meters for instant 
voltage and current readings. Overload protection. 
Fully variable. 
er from RCSVAMARLERRU cs 
Compact Unit. an % # 
size 9 x 51 x 3in. : 


~ RADIO COMPONENT SPECIALISTS 


PMID 337 WHITEHORSE ROAD, CROYDON XReeuy| 
PG SunREY, UK Tel: 01-684 1665 | MSA 


List, Large SAE. Delivery 7 days. Callers welcome. Closed Wednesday 











CAMBRIDGE COMPUTER SCIENCE LIMITED 


5.25” Disc Drives, 80Tk, DSDD £34.00 each 
3” Disk Drives, 40 Tk, SSDD £28.00 each 
5.25” Disks, DSDD, 48tpi, boxed in 10s £3.00 box 
£27.00 /10 
Dual Disk Drive Power Supply £20.00 each 
Lead to connect one drive to psu £2.00 each 
Single Data lead (BBC Micro to Disk Drive) £2.00 each 
Dual Data lead (BBC Micro to 2 Disk Drives) £4.00 each 
Power lead (BBC Micro to Disk Drive) £1.00 each 
Dual leads (BBC Micro to 2 Disk Drives) £2.00 each 
20 pin dil low profile IC sockets £0.50 /10 
£4.00 /100 
40 pin dil low profile IC sockets £0.60 /10 
£5.00 /100 

QWERTY keyboard with cursor keys, function 
keys & numeric pad £6.00 each 
Hitachi 640 * 200 dot matrix LCD display £40.00 each 


Toroidal transformer, mains in, 12V @4A, 
12V @0.4A, 12-0-12 @0.1A, 12-0-12 @0.2A = 


9-0-9 @ 0.2A 00 each 
£6.00 /2 
£8.00 /3 


All items new and boxed. Add 15% VAT to all prices 
Prices include postage. Add 50p to orders below £5.00. 
Dept EE, 374 Milton Road, Cambridge CB4 1SU 
Tel: 0223 327602 
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***RESISTOR PACKS*** 


VY4W 5% CARBON FILM 
E12 range 10R to 10M 


1p each+25p P&P 


10 OF EACH VALUE 
Total 730 resistors 


£6.95 
RMOS P.O. BOX 3 
USK GWENT NP5 2YF 


2764 (250ns) 70p 3 for £2.00 pp 
Discount for 10/100 
Also:— 
8085; 8155; 8257; 2732 all at 75p ea pp 
(All IC’s Ex Equipment) 









A. W. Ferneyhaugh, 
30 Bedford Drive, Sutton Coldfield, 
West Midlands B75 6AU 


LEARN 













ELECTRONICS WITHOUT 
SOLDER | 


Build electronic 
circuits without solder 
on a S-Dec. 

This has built-in 
contacts and holes into 
which you plug your components. 
Suitable for all ages. Can be used 
time after time. Ideal gift for 
students or experiments. 









Full instructions and 2 circuit \ 
diagram with each S-Dec. Al Wn 
Send Cheque or P.O. to:- Wages. Wines < 
Vistaplan, Dep EE +3 ng 
High March, Daventry, 7 5 r wel aia 
Northants. NN11 4QE. £5. including p & p 






















STATE OF THE ART 
SEAS LOUDSPEAKERS 
8’ 100 WATT BASS €339.45 inc. p&p 
1° 100 WATT TWEETER €17 inc. p&p 
CROSSOVERS £19.98 per pair inc. p&p 
FULL INFORMATION IN OUR LATEST 
ILLUSTRATED CATALOGUE 
of quality electronic and electrical 
Spares and accessories 
SEND 75p TODAY FOR YOUR COPY 


Fast by-return service 
STRACHAN ELECTRONICS (EES) 
9 Croall Place Edinburgh EH7 4LT 


KIA SPRINGTIME FREEBIE!! Transistors 
... Giftpack . .. npn-pnp assortment... 
Diodepack+ Datapack!! Enclose 
advertisement/£1 coin (p&p). 8 Cunliffe 
Road, Ilkley LS29 9EA. 


Miscellaneous 





TRANSMITTER CIRCUIT DIAGRAMS -—f.m., 
medium, shortwave, C.B., some crystal control- 
led, minimum 17 circuits. Includes price list for 
kits. Cheques/P.O.s, £4.25 to D. Davies, 33 
Gwaelodygarth, Merthyr Tydfil CF47 8YU. 


hould be sent to the Classified Advertisement Dept., Everyday Electron- 


RN TECHNICAL INFO SERVICES (EE) 
76 Church St., Larkhall, Lanarkshire ML9 1HE 
Phone 0698-884585 Mon-Fri, 9-5, 


_ other time 0698-883334, FOR FAST QUOTES 

WORLD'S LARGEST COLLECTION SERVICE MANUALS—Most unobtainable 
elsewhere. Prices range from only £4.50—large s.a.e. any quotation, no obli- 
gation to 4 

WORLD'S SOLE Suppliers of TV & Video Repair manuals, etc. from TV TECHNIC, 
also such publishers as Heinemann, Newnes, Technic, Thorn etc. Every 
published service sheet in stock, supplied full size, not bits & pieces. CTV's or 


any combination £3.50 plus Lsae; any other single item £2.50 plus Lsae. Com- 
plete Circuit Sets for most Videorecorders only £7 set (no serv shts made). 
LSAE for QUOTA GIANT CATALOGUE — NEWSLETTERS — 


—FREE S/Sht as available. 
Comprehensive TV Repair Manual £9.50. Complete Radio Service and Repair 
Course £9.50. Complete Repair & Service Manuals—Mono TV £12.50; CTV 
£17.00; Video £19.50. Complete Repair Data with circuit—Mono TV £9.50; CTV 
£12.50; Video £10.50. 
£3.00 LSAE BRINGS THE ONLY COMPREHENSIVE SERVICE SHEETS 
& ALS, CATALOGUES redder — GUIDE and £4.00 OF 





F.M. MICRO TRANSMITTER kit 20mm x 
28mm. Long range, £3.99 inc. P&P. Cheques/ 
P.O. to Minral, 39 Parkside, Orrell, Wigan WN5 
8LU. 


PROFITS FROM CAMERA REPAIRS. Our 
comprehensive training manual explains how to 
repair all types of cameras. Our step by step 
guide shows all the trade secrets. Get started 
today. Full manual and training notes £17.50 inc 
p&p. Camrep Publications, Dept EE, 3 Alnwick 
Drive, Bury BL9 8BZ. 














NEW VHF MICROTRANSMITTER KIT 
Tuneable 88-115 MHz, 500 metre range, sensitive 
electret microphone, high quality p.c.b. SPECIAL 
OFFER complete kit ONLY £5 POST FREE. Access 
orders telephone 021-411 1821 (24 hrs). 


Cheques/P.O.s payable to: 
QUANTEK ELECTRONICS LTD 


(Dept. EE), 45a Station Road 
Northfield, Birmingham B31 3TE 


PROTOTYPE 
BOARDS, one offs and quantities, for details 
send s.a.e. to Mr B. M. Ansbro, 38 Poynings 
Drive, Sussex BN3 8GR, or phone Brighton 
720203. 


PRINTED CIRCUIT 


TRANSMITTERS—tuneable—70: 150— 
p.c.b. TX1 £5.00—FMS £9.95—FM100 
£16.95 3 miles, s.s.a.e. other details. 
Gemtronics, 40 Baker, Crawley, Sussex 
RH10 6HA. 


G.C.S.E. ELECTRONICS KIT. 10 diferent 
£10.50 (+70p p&p) or s.a.e. for details. SIR- 
KIT Electronics, 70 Oxford Road, Clacton- 
on-Sea, Essex CO15 3TE. 


KITS, MICROTRANSMITTER, v.h.f./f.m., 
25x15mm, £3.95. We also stock telephone 
transmitters/recording switches, bleepers, 
radio transmitting alarms, circuit diagrams, 
etc. Kits and built available. S.a.e. to A.C.E., 
99 Greenheath, Hednesford, Staffs. 


2x8” MPE DISK DRIVES 1.2 Meg, double 
sided. Brand new, abandoned project. 
Cash offers? Tel. (0732) 354311 evenings. 







USE THIS SPACE TO 
SELL YOUR PRODUCTS 


IT ONLY COSTS £20 +VAT 
(see above for details) | 
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NANONAL COMPONENT CLUB 
OY ed wad OF FV EO) oo) wo wed» fo ew) ed a OF) EO) wo) wo wd nfo) 
SCANNER KIT(T) : 


A complete, six channel LED chaser kit for less than a fiver! 
The kit comes complete with all components, including PCB 
and instructions simple enough for even a complete novice. 


Works from 6-15vdc. Only £4 
MAINS POWER SUPPLY FOR ABOVE £&' 
* SPECIAL OFFER PACKS * 

JOO § ASSORTED CAPACITORS £7) 
3Q | ASSORTED TRANSISTORS £7 
25  ELECTROLYTICCAPACITORS £1 
LED's (5mm red or green) 

555 TIMER IC's 
741 OP-AMPS 


FREE MYSTERY PACK WITH 
PAV i gO] 1B) = ste OA'G a Ae) 


Please add £1 P&P, but do not add VAT. 
P.O. or cheque to: NATIONAL COMPONENT CLUB, DEPT EE, 
BAILEY HILL, CASTLE CARY, 
SOMERSET BA7 7AD 


SURVEILLANCE 
PROFESSIONAL QUALITY KITS 


A range of high quality kits as supplied to leading UK security companies, all 
in-house designed and produced, not to be confused with cheap imports. All 
kits come fully documented with concise assembly and setting-up details, 
fibreglass PCB and all components. All transmitters are fully tuneable and can 
be monitored on a normal VHF radio or tuned higher for greater security. All 
units available ready built if required. 


| MTX. Micro-miniature audio transmitter. 17mm x 17mm. 9V operation. 1000m 
range £10.9 
VT500. Hi-power audio transmitter. 250mW output. 20mm x40mm 9-12V 
operation. 2-3000m range £1 
VOX75. Voice activated transmitter. Variable sensitivity. 30mm x40mm. 9V 
operation. 1000m range £15. 
CTX900. Sub-carrier scrambled audio transmitter. Cannot be monitored without 
decoder fitted to radio. 30mm x40mm. 9V operation. 1000m range £18.95 
DSX900. Sub-carrier decoder unit for monitoring CTX900. Connects to radio 
earphone socket. Provides output for headphones. 35mm x50mm. 9-12V 
operation £17.95 
HVX400. Mains powered audio transmitter. Connects directly to 240V AC supply. 
30mm x35mm. 500m range £15.95 
XT89. Crystal controlled audio transmitter. High performance. 100mW output. 
Supplied with xtal for 108MHz. Others available to 116MHz. 85mm x28mm. 9V 
operation. 2-3000m range £29.95 
TKX900. Tracker/Bleeper transmitter. Transmits continuous stream of audio 
pulses. Variable tone and rate. Powerful 200mW output. 63mm x 25mm. 9V 
operation. 2-3000m range £18.95 
ATR2. Micro size telephone recording interface. Connects between telephone 
line (anywhere) and cassette recorder. Tape switches automatically with use of 

_ phone. All conversations recorded. Powered from line 10mmx35mm .. £10.95 

TLX700. Micro miniature telephone transmitter. Connects to line (anywhere) 
switches on and off with phone use. All conversations transmitted. 
20mm x 20mm. Powered from line 1000m range 
XML900. RF bug detector. Variable sensitivity. Triggers LED and bleeper when in 
presence of RF eld. Detects MTX 15-20 feet. 55mm x55mm. 9V operation 


XL7000. Professional bug detector/locator. Variable sensitivity. Twin mode ten 
segment LED readout of signal strength with variable rate bleeper. Second mode 
AUDIO CONFIRM distinguishes between localised bug transmission and normal 
legitimate signal such as pagers, cellular etc. 70mm x 100mm. 9V pec 
49.95 


UK customers please send cheques, PO’s or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft or Eurocheque and 
add £5.00 per order for shipment. Credit card orders accepted on 0827 

Mas soci Full catalogue available on receipt of 28p stamp. Trade enquiries 
welcome. 


J rr x The Workshops, 95 MainRd “=—"_ = 
| ) Baxterley, Nr. Atherstone “soe 
DESIGNS Warks CV9 2LE eee == (0827714476 


We now accept Access - phone (0963) 51171 
3 FREE CLUB MEMBERSHIP 


Just phone above number or write for details 


Carbon Film resistors /W 5% E24 series 0.51R to 10MO 

100 off per value—75p, even hundreds per value totalling 1000 

Metal Film resistors /4W 10R to 1MO 5% E12 series—2p, 1% E24 series 
Mixed metal/carbon film resistors /2W E24 series 1RO to 10MO 

1 watt mixed metal/Carbon Film 5% E12 series 4R7 to 10 Megohms ....... ~ z 

Linear Carbon pre-sets 100mW and 1/4W 100R to 4M7 E6 series 174 Dalkeith Road, Edinburgh EH16 5DX -031 667 2611 
Miniature polyester capacitors 250V working for vertical mounting 

.015, .022, .033, .047, .068-4p. 0.1-5p. 0.12, 0.15, 0.22-6p. 0.47-8p. 0.68-8p. 1.0-1 2p 
Mylar (polyester) capacitors 100V working E12 series vertical mounting 

1000p to 8200p - 3p. .01 to .068 - 4p. 0.1 - 5p. 0.12, 0.15, 0.22-6p. 0.47/50V-8p 

Submin ceramic plate capacitors 100V wkg vertical mountings. E12 series 

2% 1.8pf to 47pf - 3p. 2% 56 pf to 330pf - 4p. 10% 390p - 4700p 

Disc/plate ceramics 50V E12 series 1PO to 1000P, E6 Series 1500P to 47000P 
Polystyrene capacitors 63V working E12 series long axial wires 

10pf to 820pf - 3p. 1000 pf to 10,000pf - 4p. 12,000 pf 

741 Op Amp - 20p. 555 Timer 

cmos 4001 - 20p. 4011 - 22p. 4017 





Have you sent for your copy of our 
catalogue yet? 


If not, simply send 2 19p stamps 
for a copy by return. 








ALUMINIUM ELECTROLYTICS (Mfds/Volts) A COMPREHENSIVE RANGE 

1/50, 2.2/50, 4.7/50, 10/25, 10/50 . 

22/16, 22/25, 22/50, 47/16, 47/25, 47/50 WITH SERVICE SECOND TO 

100/16, 100/25 7p; 100/50 12p; 100/100 NONE 

220/16 8p; 220/25, 220/50 10p; 470/16, 470/25 

‘0026 25p; 1000136, 2200/25 35p; a70025 : 
ubmin, tantalum bead electrolytics (Mfds/Volts) : -Erj - | 

0.1/35, 0.22/35, 0.47/35, 1.0/35, 3.3/16, 4.7/16 Open: Monday-Friday 9.00-6.00 | | 

2.2/35, 4.7/25, 4.7/35, 6.8/16 15p; 10/16, 22/6 Saturday 9.00-5.00 


33/10, 47/6, 22/16 30p; 47/10 35p; 47/16 60p; 47/35 

VOLTAGE REGULATORS 

1A + or — 5V, 8V, 12V, 15V, 18V & 24V 

DIODES (piv/amps) 

75/25mA 1N4148 2p. 800/1A 1N4006 6p. 400/3A 1N5404 14p. 115/15mA OA91 

100/1A 1N4002 4p. 1000/1A 1N4007 7p. 60/1.5A S1M11 5p. 100/1A bridge 

400/1A 1N 4004 5p. 1250/1A BY127 10p. 30/.15A OA47 

Zener diodes E24 series 3V3 to 33V 400 mW - 8p. 1 watt 

Battery snaps for PP3 - 6p for PP9 

L.E.D.’s 3mm. & 5mm. Red, Green, Yellow - 10p. Grommets 3mm - 2p, 5mm 

Red flashing L.E.D.’s require 5V supply only 

Mains indicator neons with 220k resistor 

20mm fuses 100mA to 5A O/blow 5p. A/surge 8p. Holders pc or chassis 

High speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0m - 30p. Machines 12V dc 

HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs 

AA/HP7 Nicad rechargeable cells 80p each. Universal charger unit 

Glass reed switches with single pole make contacts - 8p. Magnets 

TRANSISTORS : 

BC547/8/9-8p, BC557/8/9-8p, BC182L/4L-10p, BC183, 183L-10p, BC212,212L-10p, 
BC337,337L-12p,  BC727/737-12p, BD 135/6/7/8/9-25p, | BCY70-16p, = BFY50,52-20p, 
BFX88-15p, 2N3055-50p, TIP31,32-30p, TIP41,42-40p, BU208A-£1.20, BF195,197-12p 
All prices are inclusive of VAT. Postage 25p (free over £5). Lists Free. 


THE CR SUPPLY CO 
127 Chesterfield Rd, Sheffield S8 ORN 


Return posting 


MAKE YOUR INTERESTS PAY! 


More than 8 million students throughout the world have found it worth their 
while! An ICS home-study course can help you get a better job, make more 
money and have more fun out of life! ICS has over 90 years experience in 
home-study courses and is the largest correspondence school in the world. 
You learn at your own pace. When and where you want, under the guidance 
of expert ‘personal’ tutors. Find out how we can help YOU. Post or phone 
today for your FREE INFORMATION PACK on the course of your choice. 


 acteantllage Tanti gs At oar Mia ilar Barotac gh 3p yaaa Ai pale euler Ss 
GCSE /GCE/SCE CAR MECHANICS = 
I ELECTRONICS COMPUTER [ sies | | 
a BASIC Siac tec ENGINEERING PROGRAMMING dacrahaialt 12 
(City uilds) TV, VIDEO & HI-FI 
f ELECTRICAL ENGINEERING SERVICING 


8 
i 
g ELECTRICAL CONTRACTING/ RADIO AMATEUR LICENCE EXAM Jj 

INSTALLATION (City & Guilds) , 


4 Course of Interest 
Rs er 5 ak A ee dw tin erat eps eee ans se eae umes F 


Address: ‘ 
ics International Correspondence Schools, Dept. ECS69. 
Street, Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs) 


t 
i 





Everyday Electronics, June 1989 413 

















BARGAIN 
£1 COMPONENT PACKS 


100 polyester Capacitors, Assorted values 10nF to 680nF. 
2 Etch Resist Pens for making printed boards. 
100 Silicon Diodes equivalent to 1N4148. 
1 Surplus equipment panel containing lots of bits. 
20 x 270 ohm Horiz Sub-miniature Preset Pots. 


Order all 5 packs for £5 plus £1 p/p and receive 
a FREE mystery pack. 


FULL WORKSHOP 


SERVICE MANUALS SUPPLIED 


Any Video recorder—£12 inclusive. 
Any Colour TV, Audio, Test, Amateur Radio, Vintage etc. 
£6.00 inclusive. 


FREE catalogue with all orders or LSAE for your copy. 


MAURITRON 


ELECTRONICS LTD. (EE) 


8 Cherrytree Road, Chinnor, Oxon OX9 4QY 
(0844) 51694 


TWO GREAT 
HOBBIES 


_..IN ONE GREAT KIT! 


The K5000 Metal Detector Kit combines the challenge 
of DIY Electronics assembly with the reward and 
excitement of discovering Britain’s buried past. 


THE KIT — simplified assembly techniques require little technical 
knowledge and no complex electronic test equipment. All stages 
of assembly covered in a detailed 36 page manual. 


THE DETECTOR — features Analytical Discrimination 
& Ground Exclusion, backed by the proven pedigree of 
C-Scope, Europe's leading detector manufacturer. 


A comprehensive instruction book is available @ £5 (deductable from order). 


Ask at your local Hobby/Electronics shop or contact C-Scope for a copy of a 
published Field Test Report. 


f= C-Scope International Ltd., Dept. EE86, 
Ma C (rc (E Wotton Road, Ashford, Kent TN23 2LN. 


Telephone: 0233 29181. 
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Need an extra pair of hands? 


It’s often the case that conventional methods just won't 
do. Fortunately there is now an alternative with the 


MULTI-PURPOSE JIG 


It will hold a circuit board steady for assembly and wiring— 

It can hold things while glue sets— 

It can hold models for painting and repair— 

All its interchangeable heads rotate through 360 degrees so 

you can position your workpiece to best advantage—no need 

to take it out to turn it over either—just rotate it to where you 

want it. 

pidge spring loaded head for holding pressures of up to 
.5Iibs. 





Each jig is hand built for a lifetime of use. 


Supplied with circuit board assembly head, 12.5mm rubber 
faced heads and static discharge lead. 
Other heads and accessories available. 


Standard jig takes items up to 310x 145mm £19.50 
Mini jig takes items up to 148 x 85mm £16.50 
inc. VAT and carriage 


EVERETT WORKSHOP ACCESSORIES 
5 Railway Terrace, Henlilan, Llandyssul, 
Dyfed SA44 5TH Tel: 0559 371226 


SHERWOOD ELECTRONIC 
COMPONENTS 
45 Rutland St., Mansfield 
Notts. NG18 4AP 

























































RESISTOR PACKS 1.C.s Radial Elec. Caps. 
0.25W C.Film Seach (305) 265p pF V Price 
0.25W C.Film 10 each (610) 425p 16 5p 
0.25W C.Film Popular (1000) 600p 50 5p 
0.25W C.Film—100 one value 75p 
0.1W Min. Hor. presets (65) 385p 
0.1W Min. Vert. presets (65) 385p 













CA3140E 45p 
CA3240E 120p 


SPECIAL PACKS All at £1 each 
SP1 12x5mm Red LEDs 

SP2 12x5mm Green LEDs 

SP3 10x5mm Yellow LEDs 

SP4 10x5mm Amber LEDs 

SP5 30x5mm 1 part LED clips 

SP6 103mm Red LEDs 

SP7 10x3mm Green LEDs 

SP8 10x3mm Yellow LEDs 

SP9 40x3mm 1 part LED clips 
SP10 50x1N4148 signal diodes 
SP11 25x1N4001 rectifier diodes 
SP12 25x1N4002 rectifier diodes 
SP13 25xRad.Elec.Caps. (1-1000uF) 
SP18 12xBC182 Transistors 

SP19 12xBC183 Transistors 

SP20 12xBC184 Transistors 

S$P21 10xBC212 Transistors 

SP22 10xBC214 Transistors 

SP23 10xBC549 Transistors 

SP24 5xCmos 4001 

SP25 5x555 Timer 

SP26 5x741Op-Amp 

SP27 5xCmos 4002 

SP28 5xCmos 4011 

SP29. 3xCmos 4013 

SP30 5xCmos 4025 

SP31 4xCmos 4071 

SP32 4xCmos 4077 

SP33. 4xCmos 4081 

SP34 2xCmos 4510 

SP35 2xCmos 4511 

SP36 20x10uF/25V Radial Elect. 
SP37 15x100uF/35V Radial Elect. 
SP38 20x47uF/25V Radial Elect. 
SP39 12x470uF/16V Radial Elect. 
SP40 10xBC237 Transistors 

1 pack of your choice FREE when you buy any 
10 of the above packs. 


ADDITIONAL PACKS 


PPPRANNE HH 
SNL 





















SP50 25x5mm Red LEDs 200p 

SP51 25x5mm Green LEDs 200p 

SP52 50xRad. Elec. Caps. 195p | Cheques or P.O. to: 

SP53 30xI.C. sockets—8 pin, 14 pin, SHERWOOD ELECTRONIC 
16 pin (10 off) 200p 

SP54. «1x TIL38+1TIL100 COMPONENTS 





|.R. emitter+sensor Please add £1 P&P NO VAT 
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Brainwave 


Pronrtor 


BETA ~ Concentration, @j ALPHA — Relaxation, [J THETA — /magination, 
pleasure, tranquility, 
positive feelings. 


creativity, hynagogic 


problem solving, active 
imagery. 


thought. 










Mind training sounds like hard work! 


How do | start? 















SILVER SOLUTION 


This powerful silver plating compound must be the greatest revolution in 
electronics since the IC! Just wipe on with a cloth to plate PCB tracks, 
connectors, wire, component leads, etc. with a layer of pure silver! 
Essential for: 

* RF circuits. 

* Top flight Hi-Fi. 

* Bio-electronic circuits and electrodes. 


LARGE BOTTLE (150ml) SILVER SOLUTION £14.20+ VAT! 


N.B. The solution will take to brass, copper, etc. but not to steel or pre-plated components 


THE ALPHA PLAN 


Can you really train your brain to think more effectively? 

Can you really achieve peak performance in things you're ‘no good at’? 
Can you really overcome fear, shyness, uncertainty? 

... And can you do it all without really trying? 

Dr. David Lewis’s famous Alpha Plan has all the answers. It was recently 
investigated by a QED television documentary (Alpha — How to Succeed 
Without Really Trying). And the conclusion? It works! 


Dr. Lewis’s book ‘The Alpha Plan’ is yours for only £2.50 (no VAT). 
Your future is waiting. 


the creativity and imagery of the theta state. 





Are we about to create a race of Supermen:? 






pages of an electronics magazine. It will allow you to hear your brainwaves and judge 
the relative levels of various types. It will also help you to control your mind more 
effectively, to be at peak performance in all situations. 


Doesn't my mind work perfectly well when left to its own devices? 
If you've ever been confused, unsure of yourself, shy, unable to pass exams or to 
impress people at interviews, you know perfectly well that it doesn't. Your mind (and 
everybody else’s) is full of bad habits, inappropriate responses, feelings of inadequacy .. . 
all pulling you down. Why should you put up with it? 


It can be. If you want to do it the hard way, go and study under a Zen master for fifty years 
or so. You'll get there in the end! With the brainwave monitor it takes no effort at all. Just 
the opposite in fact — trying is the one thing you mustn't do! 


At first you use the monitor's internal indicator to exercise your mind. In direct mode you 
improve the time percentage; in integrate you concentrate on the amplitude. After that, 
the choice of direction is yours. With the Alpha Plan you can reach the core of your 
personality to root out the weakness and replace it with inner strength. Otherwise you 
can just enjoy the feelings of pleasure and clear headedness that alpha training brings, or 


A friend told me | can use brain power to control lights and things. | can’t believe it! 
As a matter of fact, you can do more than that! The interface sockets on the monitor allow 
you to turn lights on and off, control toys and electrical gadgets, play computer games. . . 
all with your mind! Are we about to create a race of Supermen? Only time will tell. 


The Brainwave Monitor is featured in the September, October and November 1987 issues 
of ET|. The approved parts set contains: two PCBs, all components including three PMI 
precision amplifiers, shielded box for screening the bio-amplifier, attractive instrument 
case with tilting feet, controls, switches, knobs, plugs and sockets, leads and materials for 
electrodes, full instructions for assembly and use. 


Parts are available separately. We also have a range of accessories, professional electrodes, books, etc. 
Please send a stamped, self-addressed envelope if you just want the lists. Otherwise, an SAE + £2 will 
bring you lists, construction details and further information. 





FEATURED IN ETI, 
MARCH 1988 


JUMPIN’ JACK 


MATCHBOX 
AMPLIFIER 


FEATURED IN ETI, y 
APRIL 1986 


No ordinary amplifiers, 
these. When our first 
customers took an 
interest, it was for the 
diminutive size (both 
modules will fit in a 
matchbox!), the total disregard for power supplies and 
speaker impedances, and the impressive power output 
from these little amplifiers. When they re-ordered, it was 
for the sound quality. 

Two amplifier modules were described, both based on 
the powerful L165V IC. The single IC version will deliver 
over 20 Watts with a suitable speaker and power supply. 
The bridge version can provide up to 50W! Although the 
specified supply voltage and speaker impedance must be 
used to achieve maximum power, both modules are quite 
happy to work from any voltage between 12V and 32V, and 
will accommodate any type of speaker. The bridge versicn 
is ideal for giving a boost to car Hi-Fi systems, driving two 
4 Ohm speakers in parallel on each channel for best effect. 

Both designer-approved parts sets consist of a roller 
tinned printed circuit board and all components. The 
L165V ICs are also available individually, with a free mini 
data sheet giving specifications and suggested circuits. 


SINGLE IC "MATCHBOX BRIDGE 
AMPLIFIER SET AMPLIFIER SET 
(20W into 4 Ohms) (SOW into 8 Ohms) 


£6.50+ VAT 


RUGGED a 
PLASTIC CASE 












e Lighting wizard — brings 
any rock band's stage 
performance to life! 


e Sound operated flash — photogiaph | 
bullets in flight! 

e Voice switch and sound to action 
controller with endless applications. 


KNIGHT RAIDER 


The ultimate in lighting effects for your Lamborghini, Maserati, BMW ~ 
(or any other car, for that matter). Picture this: eight powerful lights in 
line along the front and eight along the rear. You flick a switch on the 
dashboard control box and a point of light moves lazily from left to 
right leaving a comet's tail behind it. Flip the switch again and the 
point of light becomes a bar, bouncing backwards and forwards 

along the row. Press again and try one of the other six patterns 

An LED display on the control box let's you see what the main lights 
are doing 

The Knight Raider can be fitted to any car (it makes an excellent fog 
light!) or with low powered bulbs it can turn any child's pedal car or 
bicycle into a spectacular TV-age toy! 

The control box parts set consists of case, switches. LEDs. PCB. 
components, hardware and instructions. The sequence board 
includes PCB. ICs. power FETs. components. hardware and 
instructions. 


KNIGHT RAIDER CONTROL BOX ONLY 
£8.90 +VAT 

KNIGHT RAIDER SEQUENCE BOARD ONLY 
£15.90+ VAT 











The parts set consists of a high quality 
PCB and all components. ICs. opto isolator. 
triac, heat sink, pots etc. to build the circuit 
board. What you do next is up to you! 

The ETI article, supplied free with every 
set. shows how to make the most of J.F's 
capabilities. 












L165V IC, 
with data, 






JUMPING JACK FLASH £6.90 + VAT 






LM2917 
EXPERIMENTER SET 


AD7541 Precision 12-bit multiplying DAC £1.20 + VAT 
LM3524 Switch mode regulator IC £0.80 + VAT 
CF585 Calculator IC £1.00 + VAT Consists of LM2917 IC, special printed circuit board and suitable for mains conditioner 





detailed instructions with data and circuits for eight 
different projects to build. Can be used to experiment 
with the circuits in the ‘Next Great Little IC’ feature 
(ETI, December 1986). 


LM2917 Experimenter Set £5.80 + VAT 


LM339 Quad comparator IC 
MC 1458 Dual op-amp . 


3 for £1.00 + VAT 
3 for £1.00 + VAT 


and mains controller. 


ONLY £1.80+VAT 





All |Cs supplied with FREE DATA. 
Prices apply only while stocks last. 





Prices shown are exclusive of VAT, so please 
add 15% to the order total. UK postage is 80p 
on any order. Carriage and insurance for 
overseas orders £4.50. Please allow up to 

14 days for delivery. 


\G Cees Ek 
LIMITED 
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WITH BLACK CASE £12.60+VAT 
£8.90+ VAT £3.90+ VAT | WITH WHITE CASE £12.80+ VAT included 







POWERFUL AIR 
IONISER 


FEATURED IN ETI, 
JULY 1986 


lons have been descr.bed 
as ‘vitamins of the air by 
the health magazines, 
ar. have been credited 
with everything from 
curing hay fever and 
asthma to improving concentration and putting an end 
to insomnia. Although some of the claims may be 
exaggerated, there is no doubt that ionised air is much 
cleaner and purer, and seems much more invigorating 
than ‘dead’ air. 

The DIRECT ION ioniser caused a great deal of 
excitement when it appeared as a constructional project 
in ETI. At last, an ioniser that was comparable with 
(better than?) commercial products, was reliable, good 
to build . . . and fun! Apart from the serious applications, 
some of the suggested experiments were outrageous! 

We can supply a matched set of parts, fully 
approved by the designer, to build this unique project. 
The set includes a roller tinned printed circuit board, 
66 components, case, mains lead, and even the parts 
for the tester. According to one customer, the set costs 
‘about a third of the price of the individual components’ 
What more can we say? 


DIRECT ION PARTS SET 





Instructions 
are 


LEDs 


Green rectangular LEDs 





4 MY 


for bar-graph displays. () 
$0 for£3.50 500 for £25 
100for£6 1000 for £45 Y 


DIGITAL AND AUDIO EQUIPMENT (/ LEDs 
Assorted 3mm LEDs: red, green, yellow and 
orange. 25 of each (100 LEDs) for £6.80 


SALES DEPT 
ROOM 111 
D){ FOUNDERS HOUSE 
\\t =) =4B) 31 21@)@) 4 
MONMOUTH 
GWENT 


415 


PRODUCE YOUR PRINTED 
CIRCUITS AT HOME - 


on positive light sensitive coated fibre glass board (FR4). 
Full instructions provided. 
Coated Stock 


Approx Size Price 
£4.20 
£1.68 


200 x 220 
100 x 160 


Prices are per panel, and include VAT. 


Charges for order value up to £5.00 - please add £1.00 
post and packing: over £5.00 & up to £20.00 - please add £2.50 
over £20.00 - please add £5.00 


Settlement terms: cheque with order 
SEND FOR CATALOGUE DETAILING FULL PRODUCT RANGE FOR HOBBYISTS. 


ADVANCED CIRCUITS LIMITED 
Clarendon Road, Blackburn, Lancashire BB1 9SS 
(Tel 0254 680156) 


BTEC ELECTRONICS 
TECHNICIAN 
FULL-TIME TRAINING 


ADVERTISERS 
INDEX 


2 YEAR 
BTEC National Diploma (OND) 
ELECTRONIC & 
COMMUNICATIONS ENGINEERING 
(Electronics, Computing, Television, Video, Testing & 
Fault Diagnosis) 


1 YEAR 
BTEC National Certificate (ONC) 
ELECTRONIC ENGINEERING 
1—INFORMATION TECHNOLOGY 
(Electronics, Satellite TV, Networks, Telecomms) 


2—ELECTRONIC EQUIPMENT SERVICING 
(Electronics, Television, Video Cassette Recorders, CCTV, 
Testing and Fault Diagnosis) 


3—SOFTWARE ENGINEERING 
(Electronics, Assembler, BASIC, Pascal, CADCAM) 


4—COMPUTING TECHNOLOGY 


BICC-VERO ELECTRONICS 

BK ELECTRONICS Cover (iii) 
BRIAN PRICE ELECTRONICS 416 
age Ne ia eescesésinsicnns Cover (ii) 
CHAFFORD VALLEY PRODUCTS 416 
CIRKIT DISTRIBUTION 
CRICKLEWOOD ELECTRONICS 399 
CROTECH INSTRUMENTS 359 
SO TTA GON claeyscnsecaceniensessonion 413 
C-SCOPE INTERNATIONAL 414 
EVERETT WORKSHOP ACCESS 414 
FRASER ELECTRONICS 


Marconi Pattern Generator and SLMS 
TF2802/Z combined Digital Pattern 
Generator and selective level measur- 









PRINTER CABLES 
DM25-36CENN-6 IBM Printer 


KEMSOFT 


LONDON ELECTRONICS 


(Electronics, Computing Software/Hardware, Microelectronics) 


10 MONTHS 
BTEC Higher National Certificate (HNC) 


COMPUTING TECHNOLOGY & ROBOTICS 
Silk WINE. «cs saneinterschipnsteiaccbeacsnecooee P.O.A. Pt RE SELES eR I 7.50p COLLEGE ' ; 
Philips PM5324 HF Generator DM25-DM25-6 RS232 Male to (Microprocessor Based Systems, Control, Robotics) 
100KHz-1 10MHZ. .........esscsceeeeees 120.00p Wine OR area coisa canesisnia sen scree x 


Centronics type CO36E 36 Way Data Inter- 
face Plug, complete with shielded metal 


.50p 
DM25-DM25-6 Male to Female 6ft. . 8.50p 
Centronic-6 Cable Extender 6ft. .. 13.50p 


MAPLIN 


ELECTRONICS 


These courses include a high 
work 


cover and rubber cable gland. ... 3.25p 25 Pin Modem Cable 9 

Clairtronics Encapsulated Transformer Conductors — 6ft. ........scseseeeseeeee 5.50p 414 Shortened courses of from 3 to 6 months can be arranged for 
9421, rated at 0.75mA 15V+0.75mA 15V 25DM-8 Pin-6, Apple Cable Male NATIONAL COMPONENT CLUB 413 applicants with previous electronics knowledge 

PEB MOUnGIAG.  sccisisiecedersinscasnesinns 3.50p 6 Conductor 6ft. ......... saeeaeenennensens 4.00p THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
Spectro! HEL-05-B05 10 turn wirewound Apple 6 Conductor 8 Pin OMNI ELECTRONICS AN EQUAL OPPORTUNITIES PROGRAMME 
potentiometer. ............ weseeeeeserenees 6.25p Din —6 ft. “svennensenneeneeseenssnecencavceseass 4.00p RADIO & TV COMPONENTS 

5 way miniature DIP switch RGB Monitor Cable — 6ft. _....... 4.50p RISCOMP O N C 

SPST PCB mounting. ..........:ee00 .60p Piezo Sonne round electronic e Asean ae Hier .N.C. and H.N.C. 

5mm LEDs red or green standard. . .12p buzzer £5 pgejnkalitbsinnanitphorianse shxoibinics 51p 

Varta mempak nic. cad. rechargeable 10 piece VHS Video/Audio ise COMPONENTS Monday 1 8th Septem ber 1 989 
batteries 3.6V 100MA. ..........+--+ 1.85p SINCE DUE s:. ssncincedecodtesameccocnasnceniin 5. 

MC6800P 8 bit micro- URM76 500hm RF, Uniradio SM ENGINEERING FULL PROSPECTUS FROM 
processor 1MHZ. ...secesesesseesseeetee 3.18P WN Sie cscnissicicseinns .35p per mtr. SPECIALIST SEMICONDUCTORS 415 








STEWART OF READING 
SUMA DESIGN 


LONDON ELECTRONICS COLLEGE 
(Dept. EE), 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 

Tel: 01-373 8721 


CHAFFORD VALLEY PRODUCTS 
Chafford Lane, Fordcombe, Kent TN3 OSH. Tel. 089 274 287 Fax. 089 274 216. 
MAIL ORDER ONLY. ALL PRICES EXCLUDING VAT. ADD 1.00p P&P UNLESS OTHERWISE STATED. 
TERMS CASH, CHEQUE OR POSTAL ORDER WITH ORDER. SCHOOL ACCOUNTS AVAILABLE 








4 BRIAN PRICE 
Bolkhrr.. ORGAN STUDIOS 


389 ASPLEY LANE, NOTTINGHAM NG&8 5RR 
Telephone/Fax: 0602 296311 


32 years’ experience in Ay quality Organ and Keyboard design behind every 
BOHM product. Equipment for Home and Professional use. 


ececane s 


Passive Infra-Red 
Ultrasonic 























NTROL UNITS 
is caorae 8 Modularbame/"fta-Red Beam 
Lighting Mi Timer ACCESSORIES 


& Contacts f Pressure Pads 


NS W@ Security Lighting} HOMES & 
Mi Cable Etc. Etc. | FACTORIES 


PRODUCT OF THE MONTH 


DP3570 TIMER/SWITCH & POWER SUPPLY 


































Lins ine, 


‘Bohm Musica Futura 520 
FOR SECURITY, LIGHTING CONTROL 
AND OTHER APPLICATIONS 


*% Adjustable Timing from 10 secs—5mins. 
| % 4A Switching Capacity. 

*% 12V 250mA Stabilised Output. 

*% Separate Switched 240V Output. 

% Timing Start by Make or Break Circuits. 


he ONLY £13.95+VAT 


The Security Specialist 


RISCOMP LIMITED 


Dept. EE6, 51 Poppy Road, Callers by Appointment 
Princes pe ay Bucks. Office hours Mon-Fri 
179 


HP 9am—5pm 
vOy (084 44) 632 


6 as BN 


i i e first Friday of each month by Wimborne Publishing Ltd. , 6 Church Street, Wimborne, Dorset BH21 1JH. Printed in England by Benham & Co. Limited, Colchester, 
Seek. Distribared ry va 334 Brixion Road, Laaden SW9 7AG. Sole Agra for Australia and New Zealand — Gordon & Gotch (Asia) Ltd., South Africa —Central News Agency Ltd. 
Subscriptions INLAND £15.70 and OVERSEAS £19 payable to “Everyday Electronics” Subscription Department, 6 Church Street, Wimborne, Dorset BH21 1JH. EVERYDAY ELECTRONICS 
is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first pales $2803 given, be lent, resold, hired out or otherwise disposed of by way of 
Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover 
by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


* Latest from BOHM. 
Portable or Spinet. 
49 note keyboards. Touch 
Sensitive. 
16 Bit Sampled voices. 
Stereo Sounds. 


Breaks & Endings. 

Tempo Readout. 

User Programmable voices, 
Rhythms & Accompaniments. 
Soundcard Programming. 
15000 note Sequencer. 

22 ppetg “or Rhythm Instruments. Full MIDI/IN/OUT/THRU. 

16 Live Rhythms, Fills, Intros, 160W Stereo Hi-Fi Amplifier. 


BOHM MUSICA FUTURA 520 Kit form Price £2330 inc. Stool. Built Price £2563 
BOHM DOUBLE KEY 520(P) Kit form Price £2069 inc. Stool. Built Price £2275 
Loudspeakers extra for Double Key 2x B100 £474 100 Watts if required 












Supplied in kit form or built by: 
THE BShm. SPECIALISTS 


Part Exchange welcome. Please write or phone for full illustrated literature and price list. 





POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- * PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE * 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS LARGE S.A.E., 30p STAMPED FOR CURRENT LIST. 


eo) eee a=W Veale eee) mats) © Supplied ready built and tested. OMP VARISPEED TURNTABLE CHASSIS. 
OMP POWER AMPLIFIER MODULES now enjoy a world-wide reputation for quality, reliability and oe 


performance at a realistic price. Four models available to suit the needs of the professional and hobby market, |.e., Industry, 
Leisure, Instrumental and Hi-Fi etc. When comparing prices, NOTE all models include Toroidal power supply, Integral heat sink, 
Glass fibre P.C.B., and Drive circuits to power compatible Vu meter. Open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 










a 


% MANUAL ARM %& STEEL CHASSIS # ELECTRONIC SPEED CON- 
TROL 33 & 45 #& VARI PITCH CONTROL %& HIGH TORQUE SERVO 
DRIVEN DC MOTOR %& TRANSIT SCREWS % 12” DIE CAST PLATTER 
NEON STROBE * CALIBRATED BAL WEIGHT %& REMOVABLE HEAD 
SHELL %& %” CARTRIDGE FIXINGS #& CUE LEVER % POWER 220 240V 
50 60Hz % 390305mm x SUPPLIED WITH MOUNTING CUT-OUT 

















OMP100 Mk 11 Bi-Polar Output power 110 watts TEMPLATE 

R.M.S. into 4 ohms, Frequency Response 15Hz — PRICE £99.99 +£3.90 P&P. 
30KHz — 3dB, T.H.D.0.01%, S.N.R. —118dB, Sens. for fairey My Ye alemer Vs] 

Max. output 500mV at 10K, Size 355 x 115x65mm. STANTON AL500 GOLDRING G850 






PRICE £33.99 + £3.00 P&P. 


NEW SERIES Il MOS-FET MODULES OT eek Sia MON ee eisai THOUSANDS PURCHASED 
OMP/MF 100 Mos-Fet Output power 110 watts R.M.S. MgGlaMm@)WU Sis am aVOH@ RL NIN SMM ING ESt\CL@™ BY PROFESSIONAL USERS 
into 4 ohms, Frequency Response 1Hz - 100KHz 
~3dB, Damping Factor, >300, Slew Rate 45V/uS, 
T.H.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R. 
—125dB. Size 300 x 123 x 60mm. 

PRICE £39.99 + £3.00 P&P. 


PRICE £16.99 + 50p P&P PRICE £6.99 + 50p P&P 




























OMP/MF200 Mos-Fet Output power 200 watts R.M.S. 

into 4 ohms, Frequency Response 1Hz — 100KHz 

| ~3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R. 
—130dB. Size 300 x 155 x 100mm. 

PRICE £62.99 + £3.50 P&P. 


OMP/MF300 Mos-Fet Output power 300 watts R.M.S. 
into 4 ohms, Frequency Response 1Hz - 100KHz 
* —3dB, Damping Factor >300, Slew Rate 60V/uS, 
* T.H.D. Typical 0.0008%, Input Sensitivity 500mV, 
S.N.R. —130dB. Size 330 x 175 x 100mm. 

PRICE £79.99 + £4.50 P&P. 












THREE MODELS:— MXF200 (100w + 100w) 
MXF400 (200w + 200w) MXF600 (300w + 300w) 


All power ratings R.M.S. into 4 ohms. 


FEATURES: * Independent power supplies with two Toroidal Transformers * Twin L.E.D. Vu meters * Rotary 
indented level controls * Illuminated on off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low distortion * 
Aluminium cases * MXF600 Fan cooled with D.C. loudspeaker and thermal protection 
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 

SIZES:— MXF 200 W19"H3'%2" (2U) xD11” 

MXF 400 W19"xH5'%”" (3U) x D12” 

MXF 600 W19"H51%" (3U) x D13” 

MXFz00 £171.35 

PRICES: MXF400 £228.85 

MXF600 £322.00 . S 

SECURICOR DELIVERY £12.00 EACH Pike 


OMP LINNET LOUDSPEAKERS OMP SLIDE DIMMER 
1K WATT & 2.5K WATT 


CONTROLS LOADS UP TO 1KW & 2.5KW, 
SUITABLE FOR RESISTIVE AND INDUC- 
TIVE LOADS BLACK ANODISED CASE, 
READILY FLUSH MOUNTED THROUGH 
PANEL/CABINET CUT-OUTS, ADVANCED 
FEATURES INCLUDE:— 















NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS, STANDARD — INPUT SENS, 500mV BAND WIDTH 100KHz 
PEC (PROFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS, 775mV, BAND WIDTH 50KHz, ORDER STANDARD OR PEC 
























.,. Wu METER Compatible with our four amplifiers detailed above. A very accurate visual 
display employing 11 L.E.D. diodes (7 green, 4 red) plus an additional on/off indicator. 

Sophisticated logic control circuits for very fast rise and decay times. Tough moulded plastic 

Case, with tinted acrylic front. Size 84 x 27 x 45mm. 

» PRICE £8.50 + 50p P&P. 











THE VERY BEST IN QUALITY AND VALUE 







77 AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
“” GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE- 

: QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p 
Ml STAMPED) FOR COMPLETE LIST. 


McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC. 


ALL McKENZIE UNITS 8 OHMS IMPEDENCE 
8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID., DISCO. 









MADE ESPECIALLY TO SUIT 
TODAY'S NEED FOR’ COM- 
PACTNESS WITH HIGH OUTPUT. 
SOUND LEVELS, FINISHED IN‘ 
HARDWEARING BLACK VYNIDE 
WITH PROTECTIVE CORNERS, 
GRILLE AND CARRYING HANDLE, 
NCORPORATES 12” DRIVER PLUS 






















* FULL 65mm SLIDE 
TRAVEL 
* NEON 



















RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz. SENS, 99dB. 0. occcceee. PRICE £28.59 + £2.00 P&P. HIGH FREQ. HORN FOR FULL 
10” 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISCO, EXCELLENT MID. FREQ. RANGE: 45Hz-20KHz BOTH MONTROR INDICATOR 
RES, FREQ, 70Hz. FREQ, RESP, TO 6KHz. SENS, 100GB. ...........00...0000000... PRICE £34.70 + £2.50 P&P. MODELS 8 OHM, SIZE H18” x W15”" * FLASH OVERRIDE 
10” 200 WATT C10200GP GUITAR, KEYBOARD, DISCO, EXCELLENT. HIGH POWER MID. x D12" BUTTON 

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 1030B. «0.0... -ccccccceeee PRICE £47.48 + £2.50 P&P. * HIGH & LOW LEVEL 
12” 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAR, DISCO. CHOICE OF TWO MODELS PRESETS 

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 98¢B. «o.oo oococsceccceccceceee PRICE £36.66 + £3.50 P&P. * FULLY SUPPRESSED 
12” 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE, P.A., VOICE, DISCO. POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 10 BS 800 

RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz. SENS. 100aB............. sac as PRICE £37.63 + £3.50 P&P. ieee. 

12” 200 WATT C12200B HIGH POWER BASS, KEYBOARDS, DI PA. : PA Fon Himascian BRS 
RES, FREQ, 40Hz. FREQ, RESP, TO7KHz. SENS, 1000B. ........-cccccccccsceeee- PRICE £64.17 + £3.50 P&P. OMP 12-100 (100W'100dB) PRICE £159.99 PER PAIR 2. 5KW H128x W76 x D79mm 
12” 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR, KEYBOARDS, DISCO, ele re OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR paicesin seaeeserce 
RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 1000B. |... cece ceee. P .79 + £3. — 

15” 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY, P.A., es cay -LeaEe SECURICOR DEL.:— £12.00 PER PAIR 2.5K WATT £24.99 + 60p P&P 
RES, FREQ, 40Hz. FREQ. RESP, TO5KHz. SENS, 98dB. 0... -cceccecsceeee. 53.70 + £4. : 

15” 200 WATT C15200BS VERY HIGH POWER BASS. PIEZO ELECTRIC TWEETERS-MOTOROLA 

RES, FREQ, 40Hz. FREQ, RESP, TO anal SENS. 99. Set uascaesicn ase PRICE £73.26 + £4.00P&P. ff PIEZO ELECTRIC TWEETERS — MOTOROLA 

15” 250 WATT C15250BS VERY HIGH POWE Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved transient 
RES, FREQ, 40Hz. FREQ. RESP, TO 4KHz. SENS, 99<B. ........... ENCY B oo £80.53 + £4.50 P&P. response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required these units can 
15” 400 WATT C15400BS VERY HIGH POWER, LOW FREQUENC be added to existing speaker systems of up to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS 
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS. 102CB. |... occcccccccceeee. PRICE £94.12 + £4.50 P&P. SUPPLIED WITH EACH TWEETER 

18” 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS. rer: TYPE ‘A’ (KSN2036A) 3” round with protective wire 


RES, FREQ, 27Hz. FREQ, RESP, TO 3KHz. SENS, 99GB. ................c.002.0-. PRICE £167.85 + £5.00 P&P. ‘mesh, ideal for bookshelf and medium sized Hi-fi 
EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC. A\\ speakers. Price £4.90 each + 50p P&P. 

‘ ,’ 1 ” 
ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM. TYPE ‘B’ (KSN1005a) 3/2" super horn. For general 


BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND purpose speakers, disco and P.A. systems etc. Price 


8” 50 WATT EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. carte  (KSNBOIGA) 2°x5" wide dispersion horn. For 


















RES, FREQ, 40Hz. FREQ, RESP, TO7KHz.SENS,97dB......... PRICE £8.90 + £2.00 P&P. awry be 

10” 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 @HM BASS, HI-FI. IN-CAR. plore ate a and quality discos etc. Price £6.99 

RES, FREQ, 40HZ. FREQ, RESP, TOSKHz SENS, 99dB........ PRICE £12.00 + £2.50 P&P. ; eee 

10” 100 WATT EB10-100 BASS, HI-FI, STUDIO. TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. 

RES. FREQ, parte BEG BEST TO 3KH2. SENS, 2s |S a en ae PRICE £27.50 + £3.50 P&P. ra a oo eke) ee ea had ace — to 
- , HI-FI, mid range z). Suitable for high quality Hi-fisystems 

RES, FREQ, 28Hz. FREQ, RESP, TO 3KHz. SENS, 920B. .o...-..ecc cocoons PRICE £21.00 + £3.00 P&P. and quality discos. Price £9.99 each + 50p P&P. 

12” 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. TYPE ‘E’ (KSN1038A) 3%.” horn tweeter with attractive 

RES, FREQ, 26Hz. FREQ, RESP, TO3KHz. SENS, 93dB........................ PRICE £32.00 + £3.50 P&P. silver finish trim. Suitable for Hi-fi monitor systems etc. 

51" 60 WATTEBS-GOTC (TWIN CONE) HITT MUM ARRAY DISCS OUND ce Fe.08 each 1.500 Par | 

RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 92dB........ PRICE £9.99 + £1.50 P&P. Se et ear ee ier rae goer NA 

62" 60 WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. Goto Pca cape e COR ae’ 

RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS, 94dB....... PRICE £10.99 + £1.50 P&P. : p P&P. 

8” 60 WATT EB8-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC... 3 

RES, FREQ, 40Hz. FREQ, RESP, TO 18KHz. SENS, 89dB. PRICE £12.99 + £1.50 P&P. STEREO DISCO MIXER 

10” 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES, FREQ, 35Hz. FREQ, RESP, TO 12KHz. SENS, 86dB................. PRICE £16.49 £2.00 P&P. 





















STEREO DISCO MIXER with 2 x 5 bandL & R : 
graphic equalisers and twin 10 segment L.E.D. Y \ 
Vu Meters. Many outstanding features 5 Inputs 
with individual faders providing a useful com- 
bination of the following:— 

3 Turntables (Mag). 3 Mics. 4 Line including CD 
plus Mic with talk over switch Headphone Moni- 
tor. Pan Pot L. & R. Master Output controls. 
Output 775mV. Size 360x280 90mm. Supply 


2 SX 5 


TRANSMITTER HOBBY KITS 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 






















3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER- 
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V (@ 0.5AMP. 220-240v. 

PRICE £14.49 + £1.00 P&P 3 watt FM Price £134.99 — £4.00 P&P 
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH Transmitter 


VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT PRICE B ae = = C T R 0, N | C S 
£8.62 + £1.00 P&P / 
— r # DT =) 0) a a a 


Access POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL ORDERS WELCOME FROM ((?Ue¥ iret: 
SCHOOLS, COLLEGES, GOVT. BODIES, ETC. PRICES INCLUSIVE OF V.AT. SALES COUNTER, | 1 UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR 






a lg 










VISA 


VISA ACCESS ACCEPTED BY POST, PHONE OR FAX ee | TEL: 0702-527572 FAX: 0702-420243 









Superb Triple-Trace 20MHz Oscilloscope 


Precision laboratory oscilloscope. 

3 Channels — 3 Trace. 

Sensitive vertical amplifier 1mV/div allows 
very low level signals to be easily observed. 
150mm rectangular CRT has internal 
graticule to eliminate parallax error. 

X-Y mode allows Lissajous patterns to be 
produced and phase shift measured. 

TV sync separator allows measurement of 
video signals. 

20ns/div sweep rate makes fast signals 
observable. 

Algebraic operation allows sum or difference 
of Channel | and 2 to be displayed. 

Stable triggering of both channels even with 
different frequencies is easy to achieve. 
50mV/div output from Ch | available to drive 
external instrument e.g. frequency counter. 
A hold-off function permits triggering of 
complex signals and aperiodic pulse 
waveforms. 





XJ61R 





ot wrens ete se ce ee A EE A LTT ANETTA RT AEE 


40MHz Triple-Trace Oscilloscope 












As above, but with 40MHz bandwidth and 
super bright 12kV tube even at the highest 
frequencies. This instrument also has a 
delayed sweep time base to provide 
magnified waveforms and accurate time 
interval measurement. Truly superb 
precision instrument. 






"499°: 





Order Coupon Send to P.O. Box 3, Rayleigh, SS6 8LR 





lauthorise you to debit my Credit Card account for the cost of goods 


Ifordering by Credit Card please SIQM ...........sscccesesesenseesersceeseeres 


BunirydateofCredit Card. 5 Silect cise nes and ALL PRICES INCLUDE VAT. 


Allitems subject to availability. Subject to availability both items will be on sale ir 
our shops in Birmingham, Bristol, Leeds, London, Manchester, Nottingham, 
es pd i ee igh hs La Southampton and Southend-on-Sea. 


Lari | PHONE BEFORE ) 
cee CCLLTEEEEEEEI I: SPMFORSAME 070 2 55416] 
Access, Amex, Visa ............. Ce eee eR, ee delete as required. ! DAY DESPATCH 


7 
mM 





